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ABSTRACT 

US manufacturers of discrete products must in- 
crease their productivity significantly to remain com- 
petitive in world markets; the long-term stability of 
the U.S. economy depends on this competitive posi- 
tion. The Department of Defense procures over $20 
billion worth of discrete goods each year. The great 
majority of these goods are sophisticated, precision 
products -- often electronic-based -- procured in 
rather small quantities. They are predominantly 
batch-produced It is precisely in this category of 
discrete manufactured products that: (1) the 
U.S. has a comparative advantage in world markets, 
and (2) DOD requires healthy, efficient, national 
manufacturing support. 

Batch manufacture of discrete precision products is 
characterized by a dynamic environment with con- 
tinually changing priorities and job mix. We exam- 
ined a wide range of potential computer-based man- 
ufacturing systems for increasing manufacturing pro- 
ductivity, ranging from near-total programmable au- 
tomation of manufacturing -- including assembly 
and inspection processes --to incremental enhance- 
ments of existing systet s. We concluded that the 
greatest potential source of productivitv improvement 
for the batch manufacturing environmint is the ef- 
fective, interactive use of computers for accurate up- 
to-date status information for management, and for 
allocation, control, and monitoring of production re- 
sources. Computers are not now being used effec- 
tively for these purposes due to the inflexibility of 
existing software, the lack of interfaces natural to 
managers in this environment, and insufficient real 
time status-reporting from tne production processes. 

The required software s/stems must be usable 
directly by a manager and must be modifiable by 
him; they most probably will require some modeling, 
deductive, decision-making, and language-under- 
standing capabilities. We urge the development of a 

demonstration system having these features, based 
on a graduated R&D program that allows measure- 
ment and analysis of the relevant transactions within 
the manufacturing environment before the final 
management control system is developed. Effective 
control software for complex batch production envi- 
ronments is a necessary precursor to efficient use of 
other advanced automation technologies, such as 
automated assembly and inspection systems. The 
primary direct benefits of an effective batch produc- 
tion management system are: (1) reduced inventory 
costs, |2) greater productivity through higher utiliza- 
tion of resources; (3) better ability to meet schedules, 
resulting in less slippage, defaults, and cost over- 
runs Due to the high degree of concentration of 
DOD procurement in a few major industries, the 
introduction of advanced computer-based manufac- 
turing systems into these key industries can have a 
major impact in a relatively short time. 

Our secord recommendation is that research be 
continued in computer-controlled manipulation of 
objects, with particular emphasis on the mechanical 
dexterity required in assembly of avionic packages 
and other electronic-based units. We concluded that 
assembly and testing operations of this scale will not 
be eliminated by the continuing revolution in elec- 
tronic components, and will be of increasing impor- 
tance in batch-made products procured by DOD; this 
same class of electronic-based products is also par- 
ticularly crucial to the long-term U.S. balance of 
trade. 

The batch production manufacturing environment 
requires a sophistication in computer-based man- 
agenent and resource control systems that is not 
available commercially, but elements of which have 
been demonstrated in research laboratories, particu- 
larly within the ARPA contractor community. Those 
research capabilities must now be transferred to 
practical, commercial use. 

v 
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PREFACE 

In October 1971, a research effort was 
begun at the request of the Advanced Re- 
search Projects Agency of the Department of 
Defense to investigate the feasibility of sig- 
nificant production advancements using 
computer-based manufacturing technology 
and to evaluate the impact such advance- 
ments might have on DOD procurement of 
manufactured goods. 

The research program was initiated by 
members of the Computer Sciences Depart- 
ment of The Rand Corporation. In July 
1972, this investigation was transferred to 
the newly-formed University of Southern 
California Information Sciences Institute. 
This report is the final one on the study 
phase of this research program. 

This report presents specific recommen- 
dations for d major high-impact ARPA- 
sponsored research and development pro- 
gram in advanced computer-based manu- 
facturing technology, including the objec- 
tives, required level of effort, milestones, 
and duration of such a program. The eco- 
nomic analysis in this report also provides a 
major source of information on many key 
characteristics of DOD-related manufactur- 
ing industries. The data obtained in the 
course f our study will be of great impor- 
tance to other governmental agencies and to 
research contractors in formulating and 
evaluating complementary research and de- 
velopment programs in computer-based 
manufacturing. 

_. 
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I.  INTRODUCTION 

The Information Processing Techniques 
(IPT) Directorate of the Advanced Research 
Projects Agency (ARPA) in the Department 
of Defense has been responsible for m jch of 
the advanced computer science research 
and development in the United States dur- 
ing the past decade. Foremost among these 
development programs are time sharing 
systems, large-scale array computers, arti- 
ficial intelligence research, and distributed 
digital communications networks. The tech- 
nical characteristics of many experimental 
hardware and software systems demon- 
strated by ARPA contractors far exceed the 
characteristics of systems commercially 
available today. 

One of DOD's most vital requirements, to 
which ARPA research is directly relevant, is 
the maximum possible effectiveness of 
weapons systems and equipment purchased 
— the most bang for the buck. This is all the 
more important since, as discussed in Sec- 
tion I' the real purchasing power of DOD's 
procurement budget has declined signifi- 
cantly in the past 10 years. To even main- 
tain existing levels of defense weapons sys- 
tems effectiveness, the productivity of DOD 
suppliers must be increased, allowing more 
systems and equipment to be purchased for 
a given level of expenditure. 

The importance of manufacturing produc- 
tivity, not only to DOD but to the 
U.S. economy is underscored by several 
other significant trends: (1) the recurring 
balance of payments problem faced by the 

Preceding page blank 

U.S., due primarily to our high manufactur- 
ing costs relative to foreign competitors; (2) 
the aggressive, unified, large-scale develop- 
mental programs in manufacturing automa- 
tion technologies being undertaken by our 
principal foreign competitors, notably Ja- 
pan. 

All of the above considerations led a 
groi p of key ARPA IPT principal research 
contractors in spring 1971 to recommend 
that ARPA investigate the opportunities for 
applying its unique computer science capa- 
bilities to increasing manufacturing produc- 
tivity. In summer 1971, a research group 
within the Computer Sciences Department 
of The Rand Corporation, Santa Monica, 
California, was asked by ARPA to conduct 
such an investigation. In July, 1 972, that 
investigation was transferred to the newly- 
formed University of Southern California In- 
formation Sciences Institute. During the past 
24 months, members of this study group 
met with over 100 representatives of indus- 
try, research groups, and the government, 
aid inspected over 30 different manufac- 
tunng facilities        throughout        the 
U.S. covering a wide range of products and 
technologies. Appendix A of this report con- 
tains a list of the major contacts made dur- 
ing the course of this investigation. 

To discuss the potential impact of ad- 
vanced computer-based systems on manu- 
facturing productivity — and particularly on 
DOD procurement of manufactured goods — 
it is important to understand the unique 
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I   INTRODUCTION 

characteristics of the products that DOD 
procures, the relative importance of certain 
key products, and the characteristics of the 
industries that are major DOD suppliers. 
Section II of this report analyzes some of the 
important characteristics of DOD procure- 
ment and draws ^me important conclu- 
sions about the priorities and areas of con 
centration that must be adc ssed by any 
major development program , jrpoting to 
have a significant beneficial etvect on DOD 
procurement. 

Section III discusses in detail three case 
studies we performod of manufacturing en- 
terprises which produco discrete goods for 
DOD end use, with the conclusions we drew 
from these studies. 

Section IV contains explicit recommenda- 
tions to ARPA for support of a major re- 
search and development program in com- 
puter-based manufacturing. 
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II. IMPORTANT CHARACTERISTICS 
OF DOD PROCUREMENT 

The policies and programs under which 
the Department of Defense procures nidnu- 
factured goods are extremely complex. The 
characteristics of both the manufactured 
goods bought by DOD and the industries 
supplying these goods differ markedly from 
the characteristics of the goods and indus- 
tries in the rest of the U.S. economy. We 
performed a major analysis of DOD procure- 
ment to prepare a firm foundation for any 
estimates of potential savings resulting from 
an ARPA-sponsored research and develop- 
ment program in computer-based manufac- 
turing systems. Most of the detailed results 
of this analysis are contained in Appendix 
D. This section summarizes the most impor- 
tant issues raised by our analysis. 

Issue 1: The purchasing power of DOD's 
procurement budget is declining. 

The budget of the Department of Defense 
can be considered as comprising two major 
components: discretionary funds (such as 
procurement! 1 ]) over which DOD has yearly 
budgetary control, and nondiscretionary 
funds (such as personnel salaries) over 
which there is little immediate control. Fig- 
ure 1 shows the breakdown of DOD's bud- 
get for fiscal year 1972 into the^R catego 

[l] The (rocufement apptopnalions of DOD finance the acqui- 
sition of capital eouipment. such as aircraft, missiles snips, combat 
vehicles, weapons, torpedoes, munitions, ind communications: 
maior items for support of the capital equipmtint when it is in use: 
the industrial facilities necessary to produce that equipment and 
major modification of equipment in inventory where modernization 
can be achieved without buying new equ'pmenl 

ries and thei: major subcomponents. 

During the past 10 years, the portion of 
DOD's b Jvlget allocated to procurement has 
declined: 

1) as a percentage of the DOD budget 
(-10%); 

2) as a percentage of the Federal budget 
(-7.4%), 

3) as a percentage of the GNP (-1.3%). 

If inflationary effects are considered, the real 
purchasing power of DOD's procurement 
budget during the last decade has declined 
26%. (See Appendix D, Tables D-1 through 
D-7.) 

• Conclusion 1: It is vital that DOD obtain 
more value per procurement dollar. 

Issue 2: DOD procurement is character- 
ized by relatively small quantities of sophis- 
ticated items, manufactured primarily by 
batch production methods. 

Figure 2 shows a breakdown of DOD pro- 
curement by number of major end-items 
purchased. On one hand, it understates ac- 
tual production quantities of subcompo- 
nents, since there is some duplication of 
parts; on the other hand, the procurement 
budget does not take into account the sig- 
nificant DOD expenditures for research, de- 
velopment, test, and evaluation (R,D,T&E) 
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I 

Figure  1.    DOD budget FY1972.     Total budget FY1972 = $76.7 billion, 
Source: The Budget of the U.S. Government,   FY1972. 

in which large sums are spent on the con- 
struction of prototypes in very small quanti- 
ties. (Note that the data in Figure 2 ac- 
counts for $9.1 billion of the FY1973 DCD 
procurement budget of $19.3 billion; other 
procurement expenditures in the Five-Year 
Defense Program (FYDP) did not opecify the 
quantity of items procured.) 

The low production quantities shown in 
Figure 2 dictate the use of batch production 

methods by most major DOD suppliers and 
their subcontractors. (See Anderson[2] for a 
discussion of the distinction among batch 
production, mass production, and process 
control manufacturing methods.) 

[2j RobeM H Anderson. Programmable Automation The Future 
of Computers in Manulactunng. USC/lnformalion Sciences Insti- 
tute. ISI/RR-73-2. March 1973 

i 
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4.CM 

EXPENDITURE 
($ Billions) 

(0.1) 
% S^J^^SS»«« 

1-10        11-100      101-1K     1001 & Over 

NUMBER OF END-ITEMS PURCHASED 

Figure 2.    DOD procurement by number of major end-items purchased. 
Source: Procurement Annex, Five Year Defense Program (FYOP). 

These low production quantities are not, 
of course, as characteristic of goods manu- 
factured for the commercial market; the 
largest U.S. industry is motor vehicles and 
parts ($40,824 million, 1970 value of 
shipments), which mass produces and m 
larger than the total of aircraft ($10,996 
million), aircraft engines and engine parts 

($5,150 million), and electronic communi- 
cations and avionic equipment ($9,331 
million).[3] 

It should be noted that the most success- 
ful example of past DOD sponsorship of 

[3] US   Bureau of the Census, Annual Survey of Manufactur- 
ers 1970 Industry Profiles. M70(ASi-10. 1972 

— ■-     mm   ■   - ——. 
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II   IMPORTANT CHARACTERISTICS 

manufacturing technology, namely numeri- 
cally-controlied machine toolsjA], was aimed 
explicitly at batch production techniques. 

• Conclusion 2: Developmental programs 
aimed at increasing the productivity of DOD 
suppliers should concentrate on the batch 
production manufacturii.g environment. 

Issue 3: DOD procurement is heavily 
concentraied in a few major industrial cate- 
gories. 

Table I summarizes major DOD procure- 
ments by program. (See Appendix D, Table 
D-8 for a more detailed breakdown.) Aircraft 
and missiles alone account for over 50% of 
DOD procurement; with ships they account 
for over 75% of procurement. 

[4] Jack Rosenberg, A History of Numerical Control 1949- 
1972 The Technical Development. Transfer to Industry, and As- 

similation. USC/lnformat.on Sciences Institjte. ISI/RR.73-3 in 
progress 

The U.S.   Department of Commerce cate- 
gorizes all U.S.   industry according to a sys- 
tem  of  Standard   Industrial   Classification 
(SIC) codes. The SIC system is used by all 
Federal statistical agencies,  by most state 
agencies, and many private organizations. 
The SIC is an industrial classification of the 
total economy. It divides all activities into 
broad industrial divisions (manufacturing, 
mining, retai:, agriculture, etc.). It further 
subdivides   each   division   into   industrial 
groups, and finally into detailed industries. 
For example, SIC code 37 comprises manu- 
facturers    of    transportation    equipment; 
within that group, SIC code 3722 comprises 
"establishments primarily engaged in man- 
ufacturing aircraft engines, complete missile 
or space vehicle engines and/oi propulsion 
units and thair parts '. Appendix B contains 
the descriptions of SIC codes to a four-digit 

Table 1 

SUMMARY OF DOD MAJOR PROCUREMENT  PROGRAMS 
1971-1973 

Program 1971 % 1972e % 1973e % 

Aircraft 6.3 35 6.6 35 5.9 31 
Missiles 3.3 19 3.4 18 3.7 19 
Shlfi 2.3 13 3.0 16 3.6 19 
Other 5.9 33 5.9 31 6.1 32 

Total 17.8 100 18.9 100 19.3 

e = estimated (in $ billion) 

Source:    The Budget of the United States,   1973 Appendix,  p.  296. 

8 

100 
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breakdown. Another way, then, of catego- 
rizing DOD procurement is by the SIC codes 
of suppliers. Table 2 summarizes the data 
contained in Appendix D, Tables D-9 
through D-12, and shows the three most 
important industrial categories to be: trans- 
portation equipment (44% of DOD procure- 
ment); electrical equipment (24%); and 
oidnance, including missiles, (22%). The 
two dominant subcategories within each 
major category are also listed. Again, the 
aircraft, missile, and related electronic 
equipment industries predominate. 

• Conclusion 3; Proposed defense produc- 
tivity enhancement techniques should di- 
rectly address problems in the aerospace 
industries and their suppliers, with a pro- 
duct mix characterized by: (1) precise, high 
performance, costly materials and assembly 
processes, and (2) electronic-based subsys- 
tems. 

Issue 4: DOD procurement is heavily 
dominated by a few corporations. 

Table 3 shows the top 10 DOD contrac- 
tors for FY1 972. The prime contracts which 
they control account for 35.1% of all DOD 
procurement. The top 100 contractors have 
prime contracts accounting for 72.1% of 
DOD procurement, and the amount of con- 
tract award concentration in the top 100 
contractors is increasing. (See Appendix D, 
Tables D-13 through D-16.) 

Again, the history of the transfer of nu- 
merical control technology (see Rosenberg, 
op. cit.) to industry emphasizes the unique 
role DOD can play in sponsoring new man- 
ufacturing technologies, due to the unusu- 
ally concentrated control it has over its sup- 
pliers. 

• Conclusion 4: 

1) It is possible for DOD tc have a sub- 
stantial amount of contractual leverage in 
promoting the transfer and adoption of 
new manufacturing techniques; 

2) anv proposed productivity enhance- 
ment program should directly address the 
needs of these important suppliers and 
their subcontractors. 

Issue 5: the industry cost and labor 
structure for major DOD suppliers is signif- 
icantly different from other types of indus- 
tries. 

Table 4 compares the labor breakdown in 
the aircraft and parts industry and the elec- 
tronic equipment industry (both important 
DOD suppliers) with automobile manufac- 
turers(5). It shows that the ratio of adminis- 
trative, clerical, and salrs[6] employees per 
production worker \i three times more for 
aircraft and parts manufacturers than for 
automobile manufacturers. (Data from an- 
other source (see Appendix D, Table D-26] 
shows over one-fifth of all employees in 
aircraft industries to be managers, «adminis- 
trators, ^nd clerical workers.) 

There are certainly nruny complex reasons 
for the variance in labor breakdown between 
the aerospace and automotive industries: 
the unique reporting and documentation re- 
quirements of government contractors; 
greater testing and inspection requirements 

\b\ The data in Table 4 is extracted from a detailed labor 
input-output analysis we have performed based on data for years 
1958, 1963, 1967. and 1970: additional summary data from this 
analysis is contained in Appendix D, Tables D-1 7 through D-25. 

[ej Administration, clerical, and sales' is a US Department 
of Commerce term encompassing managers, accountants, lawyers, 
librarians, editors, purchasing agents, bookkeepers, estimators, 
office machine operators, secretaries, shipumg and receiving clerks, 
stock clerks, and personnel performing similar functions 

■■■■hfetti^M 
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Table 2 

DOD PROCUREMENT BY SIC INDUSTRY CODE,  1970 
(Top 3 SIC Codes,  With Their Top 2 Subcategories) 

SIC 

37 Transportation 

3721 aircraft 
3722 a/c parts 

& engines 

36 Llectrical Equip. 

3662 radio & TV 
3679 com/n. equip. 
3679 elec/ronic 

components 

19 Ordnar 

1925 guided 
missiles 

1929 ammunition 

Value of 
Shipments 
to DOD 

($ million) 

12,16s1 

6,799 
1,579 

6,542 

5,631 

180 

6,066 

2,546 

2,283 

(Value of 
Shipments 

to DOD)/ 
(Total Value 
of Shipments 
to DOD from 
all Industries) 

% 

43.9 

22.7 
5.7 

23.6 

20.3 

0.6 

21.9 

9.2 

8.2 

"TValue added 
to Shipments 
to DOD)/ 

(Total Value 
of Shipments 
to DOD from 
all  Industriei) 

% 

21.7 

10.1 
4.5 

10.0 

9.0 

0.2 

11.9 

6.0 

3.4 

Source:    Department of Commerce,  Annual  Survey of Manufacturers.   1970.» Shipments 
of Defense-Oriented  Industnes.    VaU 5333 5 nnn eU;rmrnfT rn-^77r 
by the ratio of DOD labor inputs to total labor inputs in that particular SIC 
times the value added for the er tire SIC. 
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Table 3 

THE TOP TEN DOD CONTRACTORS FOR FY 1972 
(IN DOLLAR VOLUME OF PRIME CONTRACTS) 

Company 
DOD 

Contracts* 
% of 
Total 

1 Lockheed 1.7 5.1 

2) McDonnell  Douglas 1.7 5.1 

3) General  Dynamics 1.3 3.9 

4) General  Electric 1.2 3.7 

5) Boeing 1.2 3.5 

6) American Telephone 1.1 3.4 

7) Grumman Corporation 1.1 3.4 

8) United Aircraft 0.9 2.9 

9) North American  Rockwell 0.7 2.1 

10) Hughes Aircraft 0.7 2.0 

Total 11.6 55.1% 

*(in $ billion).    The^e figures are rounded. 

Source:    "100 Companies Receiving the  Largest  Dollar Volume of 
Prime Contract Awards",  DOD (OASD) Directorate for 
Information Operations. 
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Table 4 

COMPARATIVE LABOR BREAKDOWNS IN THE AUTOMOTIVE, 
AEROSPACE, AND ELECTRONIC INDUSTRIES (1970) 

% Radio & fV 
% Motor % Communications 
Vehicles Aircraft Equipment 
& Parts & Parts & Electronics 

Non-production 
employees 

-    R&D and other 
technical 7 19 18 

-    Admin.,  clerical. 
sales 12 25 21 

Totals 19% 44% 39% 

Production employees 

-    Machining n 16 3 

-    Assembly 30 9 42 

-    All other 40 31 16 

Totals 81% 56% 61% 

a) Total employment In 720,200 644,900 990,200 
listed industry 

b) Total employment 1,793,300      1,102,800      1,683,300 
created in all 
industries* 

Ratio of b) to a) 2.5 1.7 1.7 

*Total employment created  in ail  industries is estimated using 
productivity changes and  input-output data on interindustry transactions. 

Source:    Census of Manufacturers,   U.S.  Department of Commerce. 
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II   IMPORTANT CHARACTERISTICS 

in aerospace work; batch production versus 
mass production manufacturing methods. 
The point is not that one industry is better 
or worse than another, but that there are 
basic differences which should be taken into 
consideration. 

• Conclusion 5: 

1) The unique characteristics of DOD 
suppliers require a proc'uctivity-oriented 
development program tailored to their 
needs; 

2) two major high-cost areas which 
should be explicitly considered are: 

i) management, administrative, and 
clerical functions in the aircraft indus- 
tries (one-fifth of all labor in these in- 
dustries) |7j, and 

ii) assemb y in the electronic compo- 
nent and ;ubsystem manufacturing in- 
dustries (42% of all labor in these in- 
dustries). 

Issue 6: The interdependencies among 
the major DOD suppliers are significantly 
different from other sets of industries. 

The relationships among the major DOD- 
related industries were derived from the in- 
put-output matrix of transactions compiled 
by the U.S. Department of Commerce for 
the entire U.S. economy; the inverse of the 
I/O matrix was used to find the input re- 
quirements of each major DOD industry 
from each other major related industry. This 
analysis was done for 1958, 1963, and 
1 966 to monitor the concentration of these 
industries. 

|7j The importance of the management, administrative, and 
clerical function is. of course, greater than |ust the amount of labor 
devoted to this activity: operational decisions made by this sector 
have a great effect on the utilisation of resources, level of invento- 
ries, and other functions which affect manufacturing productivity 

The results of these analyses (see Appen- 
dix D, Table D-27) inHicate a hijh degree of 
interdependency of the four major DOD- 
related industries (ordnance, aircraft and 
parts, radio & TV equipment, and avionics). 
Each industry relies upon itself and the 
other three for 52%-66% of all the inputs 
needed for production. 

• Conclusion 6: 

1) A productivity improvement in one of 
the major DOD-related industries can en- 
hance the ultimate productivity in other 
major DOD-related industries due to the 
high degree of subcontracting within this 
set of industries; 

2) if a new technology is introduced in 
one industry, it may also be necessary for 
the others to adopt it (or a variation of it) 
to maintain current trading patterns. 

Issue 7: DOD-related industries hold rela- 
tively large and expensive inventories. 

The value of inventories for all manufac- 
turing groups at the end of 1967 amounted 
to $84.4 billion. The major DOD-related 
industries (e.g., aircraft and paits, ships, 
and communications equipment) are among 
those with exeptionally high inventory costs; 
most of these costs are "work in process" 
and "materials", in contrast to "finished 
goods" which are subject to external demand 
factors. 

A breakdown of the inventory on hand at 
the end of 1967 by SIC code is *ound in 
Table 5. Column 7 contains the relation 
between inventories on hanr* and ship- 
ments. The average for manufacturing is 
about 1 5%, but every defense-oriented in- 
dustry (with the sole exception of ordnance, 

13 
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SIC 1 9) held a larger portion of their ship- 
ments in inventory. Selected nondefense- 
oriented industries (motor vehicle manufac- 
turing (SIC 371) and fabricated metal pro- 
ducts (SIC 34)) were used for comparison. 
Motor vehicle manufacture was just over 
half the average (at about 9%) while fabri- 
cated metal products were slightly above 
average (at 16%), but below all defense- 
related SICs except 19. Aircraft's (SIC 372) 
high ratio of inventory to sales (35%) is 
more than twice the tot-1 manufacturing 
jverage. 

Translating the inventory figures into po- 
tential cost savings from computer-based 
manufacturing systems can be done by ap- 
plying a conservative 10% inventory carry- 
ing cost. This cost represents the cost of 
borrowing funds to finance the inventory (or 
conversely, the opportunity cost of not hav- 
ing to finance it), insurance, storage, theft 
and breakage, and taxes. If we assume that 
the ending inventory is the yearly average, 
annual inventory holding costs would be 
$8.4 billion a year tor all manufacturing 
firms. For major DOD-related industries 
alone the yearly inventory costs are about 
$1 billion; the ratio of inventory to ship- 
ments in tnese industries is more than twice 
the average for all manufacturing. (See Ap- 
pendix D, Tables D-28 and D-29.) 

• Conclusion 7: Computer-based a-ds to 
manufacturing which reduce inventories can 
substantially reduce the costs of many DOD- 
related products. 

Issue 8: Productivity enhancement of 
DOD-related industries is significant to 
U. S.   compe titiveness. 

The U.S. experienced an unfavorable 
balance of payments (trade plus capital 
flow) of $9.24 billion in 1972. In spite of 

II   IMPORTANT CHARACTERISTICS 

recent improvements, a major 1973 bal- 
ance of payments deficit is still predicted by 
economists. Of the total deficit, trade alone 
will account for from $4 to $5 billion. 

An analysis of U.S. trade revealed that 
both exports and imports of manufactured 
products are very significant -- 70% and 
65% of the total, respectively. However, for 
the period 1965-1971, imports of manu- 
factured goods increased 173% versus 
78% for exports. The significance of these 
differential rates of growth is that the 
U.S. favorable trade position in manufac- 
tured goods dropped from $6.2 billion to 
zero from 1965 to 1971. In the fourth 
quarter of 1971, the U.S. share of the 
world's otal manufactured exports dropped 
to 17.6% compared with 22.8% in the 
fourth quarter of 1968. This drop was evi- 
denced in most major categories of manu- 
facturing[8]. 

Slower rates of productivity increase in 
the U.S. compared with its major competi- 
tors are one of the major causes of reduction 
of U.S. international competitiveness. The 
U.S. labor productivity rate of growth has 
been half as much during 1965-1971 as in 
1950-1965. The rau of productivity gain 
in Japan equaled six times the U.S. rate 
between 1965-1971. 

The trade trends from 1960 to 1972 
shown in Figure 3 point to a long-term 
deterioration of the U.S. trade balance. (See 
Appendix D, Table D-30.) However, the 
data in Figure 3 shows a favorable balance 
of trade in DOD-oriented industries. On the 

[8] Ms'j M Kamrany. Background Data on US. Productivity 
and Foreign Trade', submitted to the NSF Conference National 
Inquiry into Productivity in the Durable Goods Industry. October 
4-6. 1972 Also reprinted in the American Automatic Control 
Council Automation Research Council Proceedings. Novemoer 30 
■ December 1. 1972 
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10 

Imports 

■"" —-*—    Exports 

Mass-produced engineering products 
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DOD-related engineering products 
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Figure  3.     Trends  in  U.S.  merchandise  trade. 

1972 
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other hand, mass-produced goods have los* 
out to foreign competition. It is thus clear 
thni t'ie U.S. enjoys comparative advantage 
in si'jh industries as missiles (SIC 1925), 
aircraft parts (SIC 372S), and most engi- 
neering products (SIC 35-38), excluding 
automobiles and equipment, household ap- 
pliances, radio, FV, and phonographic and 
sound reproduction equipment. A recent 
study points to a high correlation between 
exports and R&D expsnditures, as shown 
in Table 6. 

However, the growth of imports of these 
products, more than twice as rapid as that 
of exports (1960-1972), implies that even 
in these industries the U.S. is losing the 
advantage (soe Appyndix D, Table Ü-30). 

• Conclusion 8: Productivity enhance- 
ments in DOD-related industries through R 
& D are crucial to the U.S. balance of pay- 
ments. 

Table 6 

Industries 

Aircraft 
Office inachinery 
Other machinery 

% of Group of 
10 Exporting 

Countries-1969 

62.45 
37.33 
26.30 

Engaged in R&D 
as a Percentage 
of Employment 

7.68 
6.66 
1.06 

Source:   Keesing,   D. B.,   "The Impact of Research and Development 
on United States Trade",  Journal of Political  Economy,  February  1967. 
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III.  HOW DISCRETE PRODUCTS 
FOR DOD ARE NOW MANUFACTURED 

The preceding section considered the 
composition of DOD procurement as de- 
picted by summary statistics gathered pri- 
marily by DOD and the U.S. Department of 
Commerce. Such statistical breakdowns are 
useful in pinpointing general categories of 
importance, such as "management, admin- 
istrative, and clerical", and assembly of 
electronic-based products; however, im- 
provements to these categories cannot be 
considered in isolation. The manufacturing 
enterprise is a complex system, and the 
interrelationships among the various com- 
ponents must be considered in recommend- 
ing significant changes to this system. 

To understand the system aspects of the 
batch manufacture of DOD-related products, 
we inspected many different manufacturing 
facilitieb, of these, we selected three partic- 
ular facilities as representative of many of 
the varied job shop environments of impor- 
tance in the manufacture of DOD products. 
We performed rather detailed case studies of 
these three manufacturing environments 
with the active cooperation of the line man- 
agers responsible for production. The facili- 
ties studied are: 

• TOW Missile Production at Tucson Divi- 
sion, Hughes Aircraft Company, Tucson, 
Arizona 

• The manufacture of a simple precision 
gearbox   at   Precision   Products   Division, 

Preceding page blank 

Western Gear Corporation, Lynwood, Ca'i- 
fornia 

• The Numerical Control Fabrication Facility 
at Douglas Aircraft Company, Torrance, Cal- 
ifornia 

In each study, we examined a variety of 
possible computer-based system innova- 
tions which might have a significant impact 
on productivity, from near-total program- 
mable automation of the manufacturing 
process to incremental enhancements of ex- 
isting machines or control processes. Each 
of these case studies is discussed below, 
together with our conclusions about the po- 
tential impact of advanced, computer-based 
manufacturing systems on the production of 
these products. 

A.   TOW Missile Production 

CASE STUDY - Tuscan Division, 
Hughes Aircraft Company 

Due to the widespread use of electronic 
packages in products procured by DOD, we 
felt it was important to study the manufac- 
ture of a product having an electronic mod- 
ule. At'er examining several possible candi- 
dates, the Army's TOW (Tube-launched, 
Optically-tracked, H/ire-guided) missile, 
manufactured by the Tuscon Division of 
Hughes Aircraft Company,  was picked as 

19 
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TOW Missile Production 

being representative of a large class of elec- 
tronic-based military products. 

The primary objective of this case study 
was to estimate the potential for hardware 
automation equipment developments which 
might have a major impact on manufactur- 
ing productivity for this important class of 
products. 

1. The Product and Its History. The Tus- 
con Division considers its mission to be 

production of advanced-technology mili- 
tary guided weapons". During the past two 
decades, it has made over 40,000 Falcon 
(air-to-air) missiles and over 30,000 TOW 
missiles. In addition to the TOW, it is cur- 
rently producing the Navy s Phoenix missile 
and the Air Force'^ Maverick missile. At the 
time this manufacturing facility was studied 
in October 1971, employment was about 
2,500; it has been as high as 5,800. 

The first test firing of an "advanced de- 
velopment model" of TOW occurred in 
March 1965. The product was defined in 
Army-format drawings in June 1966. The 
first production contract was awarded in 
June 1968; first production deliveries were 
maie in August 1969. TOWs were in nor- 
mal production at Tuscon starting about 
July 197C. In October 1971, they were 
being produced at a rate of about 600/ 
month; recently, the rate has been 1,500/ 
month. 

Some relevant data concerning TOW pro- 
duction: 

• The Tuscon plant is "GOCO" -- Govern- 
ment Owned Contractor Operated. There are 
about one million square feet of plant space 
on four square miles. An informal estimate 
of the replacement cost of the plant and 
tools is $200 million. About 40% of the 

20 

facility is devoted to TOW manufacture. 
About 60% of the equipment in the facility 
is Government-owned, the remaining 40% 
is Hughes-owned 

• Engineering changes are a significant 
item. During the production engineering 
phase (1966-1968), about ?A engineering 
change analyses were made each month; 
each analysis defines a real problem and its 
engineering solution and cost. It may affect 
several different production drawings. By 
the end of 1971, after about 18 months of 
normal production, there were stiil about 1 5 
analyses/month performed, and these re- 
sulted in about 8 formal engineering change 
proposals per month -- requiring the ap- 
proval of the Army Contracting Officer, be- 
cause the change would affect the form, fit, 
function, or contract price of the product. 

• Rework costs can be significant. The 
most common cause is failure of electronic 
components, especially during vibration 
iests. The failure rate of the TOW electronic 
package during production is between 3%- 
10%. (Only packages that eventually pass 
all tests, of course, are assembled into the 
missile. Aftar passing all such tests, the 
reliability of the TOW end-product has been 
notable.) On a much more sophisticated 
missile such as Phoenix, about 30% of the 
labor is involved in rework during early pro- 
duction phases. 

• In October 1971, at a production rate of 
about 600/month, the unit price of a TOW 
missile was above $3,500. This was on a 
one-year contract. Currrntly, Hughes has a 
four-year guaranteed p'ocurement contract; 
at the current production rate of 1,500/ 
month, the average unit price (including 
G&A and profit) is about $2,200.  Major 
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TOkV Misviu Production 

sources of these savings have been signifi- 
cantly lower negotiated prices from suppli- 
ers, due to the four-year procurement po- 
tential, and a number of Cost deduction 
Proposals (CRPs) submitted by Hughes to 
change manufacturing methods (most often 
involving increased use of hard tooling). 

2. Analysis of tntf Product. Because of the 
importance to DOD of the type of manufac- 
turing operations involved in TOW produc- 
tion, we commissioned two studies of the 
product from SpectraVision, Inc., Santa 
Monica, California, a consulting firm spe- 
cializing in advanced automation technology 
analysis. The studies were: 

1) a detailed analysis of the assembly of 
the electronic unit in the forward section, 
and of the mechanical assembly opera- 
tions required in the aft section of the 
missile; (these operations account for 
about one-third of the total assembly op- 
erations); 

2) an estimate of the impact that total, 
flexible, computer-based automation 
would have on TOW production, if such 
automation were indeed technologically 
feasible 

The results of the first analysis are only 
summarized here, due to their proprietary 
nature. (Hughes must bid competitively for 
TOW contract awards.) They show approxi- 
mately: 

• 3 man-hours of electronic assembly (for- 
ward section), and 

• 3/4 man-hour of mechanical assembly 
(aft section) per missile. (See illustrations of 
TOW missile components in Figure 4.) On 
this basis, we calculate about 1 2 man-hours 
of assembly operations per missile within 
the Hughes facility.  At  $12.50/hour,  this 

accounts for about $ 1 50 of the production 
price, or about 22% of the value added by 
Hughes at the CJ rent price and production 
rate. 

The second study performed by Spectra - 
Vision assumes nearly total, but flexible, 
computer-based automation of TOW manu- 
facture. It assumes the concept (see Ander- 
son, op. cit.) of a palletized, random access 
conveying system serving work stations, 
including programmable assembly ma- 
chines: 

The "plant floor" might consist of a num- 
ber of work sta'i'ons, distributed in a con- 
venient manner (perhaps grouped accord- 
ing to function -- part forming and ma- 
chining, assembly, inspection, storage -- 
for ease of maintenance, cleanliness re- 
quirements, etc.). Each work station per- 
forms a manufacturing operation under 
direct compute-' ntrol, and is serviced 
by a computer-ounttolled "random-ac- 
cess" conveying mechanism. The inter- 
face between the conveying system 
(which would have limited degrees of 
freedom and coarse positional accuracy) 
and a work station (perhaps requiring 
rather precise orientation and positioning 
of tools and in-process materials) might 
well be handled by an industrial robot 
with some limited sensory feedback capa- 
bilities. One robot would normally provide 
the I/O interface for a group of several 
work stations, since the processing time 
at a work station tends to be long relative 
to the I/O time. 

The detailed assumptions upon which the 
analysis is based, and the results of that 
study are contained in Appendix E. in sum- 
mary, the principal assumptions made are: 

21 
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tOW Missile Production 

Figure 4.     TOW missile  components 
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Figure 4, cont'd.     TOW missile components 
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rOW Miss-le Production 

• a production rate of 600 missiles/ 
month; 

• manufacturing and assembly process 
steps and sequence very nearly the same 
as those performed manually at present; 

• separate machines for board stuffing, 
wire wrapping, coil winding, environ- 
mental testing, etc.; 

• one programmable assembly machine 
capable of performing essentially all me- 
chanical assemblies and most of the elec- 
trical and mechanical testing; 

• a 20-man programmer/planning staff; a 
13-man maintenance and repair crew, 
plus managers, secretaries, purchasing 
agents, source inspectors, etc.; 

and the principal results reported are: 

• a total of only $300 in costs added per 
missile by the Hughes facility (assuming 
60% Government ownership of tools, as 
is currently the case); 

• a total of only $11+ million for capital 
investment (excluding R&D) for such a 
plant; 

• 51 % spare capacity potentially utilizable 
for other production purposes. 

Programmable assembly machines of the 
type hypothesized do not exist today, nor 
does a palletized conveying system that 
could handle the shapes and sizes of the 
thousands of different parts and subassem- 
blies during the manufacturing process. 

The degree to which such an automatic 
factory is capable of reducing total manu- 
facturing costs is significantly affected by 
the fraction of the total cost that is pur- 
chased parts, subassemblies, and subcon- 
tracts. Cost reduction is also a function of 
the degree of automation that vendors and 
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subcontractors employ. In the TOW study 
(600/month rate), with nonautomated ven- 
dors who presently receive 57% of the total 
cost the reduction in value added (by 
Hughes) was to about one-fifth of the former 
value, whereas the reduction in total manu- 
facturing cost was estimated at 34%. As- 
suming that all subassembly vendors (e.g., 
suppliers of gyros, batteries, actuators, etc. 
-- but not basic materials suppliers) were 
automated, an estimated total manufactur- 
ing cost improvement of 57% would be 
provided. 

3. Conclusions - TOW Missile Produc- 
tion. Based on our analysis of TOW and 
other electromechanical DOD procurement 
items, we made the following general obser- 
vations: 

• The continuing revolution in electronics 
(LSI, thin films, electron-beam etching, etc.) 
will not eliminate the assembly task in elec- 
tronic packages. DOD's appetite for elec- 
tronics seems to be constant volume, not 
constant function. When the space behind 
the warhead of a missile can hold an array 
computer, it probably will. The fact that a 
single chip will perform the functions of an 
entire circuit board will only lead to more 
complex designs involving many such 
chips. The space is there, and the increased 
functions can usually be justified. 

• The electronics revolution does not have 
a rapid effect on the production of military 
weapons systems. The dpsign of the TOW, 
for example, was basically frozen in 1965, 
when the first prototype flew. Successful 
designs, having undergone elaborate testing 
and validation, are not usually changed in 
such fundamental ways as revamping the 
electronics based on next-generation possi- 
bilities.   The   discrete   component   circuit 
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boards in the TOW will be around in it and 
in similar products for many more years. 

• Many of the subassembly tasks involved 
in the electronic and "light source" units 
seem potentially automatable, and they 
seem to absorb a disproportionate amount of 
assembly labor at present (about one-third 
of total assembly labor). The assembly oper- 
ations required for such subassemblies are 
the most promising we have seen for the 
initial application of programmable assem- 
bly macfvne techniques. 

B.   Western Gear Corporation 

CASE STUDY - Manufacturing 
Department, P.acision Products 
Division, Lynwood, California 

Western Gear Corporation is the largest 
independent manufacturer on the West 
Coast of such precision mechanical products 
as gearboxes and actuators. Almost every 
DOD prime contractor manufacturing air- 
craft, ships, or missiles subcontracts to 
Western Gear. 

The Precision Products Division at Tor- 
rance, California, is an excellent example of 
a job shop; at any specific time, a>)out 
3,000 diverse Manufacturing Orders (MOs) 
are in process. Our case study focused on 
two aspects of manufacturing at Western 
Gear: 

• the detailed processes involved in their 
manufacture of one specific gearbox; 

• the system by which a manager allocates 
and controls manufacturing resources and 
jobs in this complex job shop environment. 

/. The Product and its History. We asked 
the Manufacturing Manager to select the 
simplest  gearbox they make for DOD end 

use. We requested and received access to 
information on the scheduling, fabrication, 
assembly, and support services necessary to 
manufacture this box. 

The gearbox chosen by Western Gear is 
shown in Figure 5; four of them are used by 
Lockheed in each C-loO aircraft. Lock- 
heed first ordered this box in 1957, at 
which time Western Gear received a con- 
tract to build and test a small number of 
boxes for compliance with rigid military 
specifications. The design and processes 
met the specifications and the product was 
fully qualified. Since then. Western Gear 
has received a repeat order for this item 
about once per year. Typical cycle time from 
receipt of a purchase order until completion 
of shipment is 1 2 to 1 5 months. In August 
1971, Lcckheed placed an order for 150 
boxes at a ;init price of about $2,000 with 
a requested delivery rate of about 10 per 
month. This low rate would have been too 
costly, so Western Gear scheduled the order 
as follows: 

• Materials were purchased for one lot of 
1 50 boxes, with allowances for shrinkage 
based on the long history. (This long his- 
tory is a useful but unusual situation.) 

• Fabrication operations which required a 
long setup time, such as metal cutting, 
heat treating, and plating, were handled 
as a single batch of 1 50. 

• Operations such as deburring, assembly, 
testing, painting, labeling, and inspec- 
tion, were performed in batches of about 
50 during each of three consecutive 
months. 

During October 1972, 54 boxes were 
completed and shipped, bringing the deliv- 
ered total to 103. The remaining 47 units 
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Figure 5.     Gearbox manufactured by Western  Gear Corporation 
for  Lockheed C-130 aircraft. 

were assembled and shipped in November 
1972. 

a Components Each box contains the fol- 
lowing 1 2 major components, each of which 
is fabricated by Western Gear from materials 
purchased outside: 

QUANTITY PART DESCF.IPTION 

Housing - Main 
Cover - Housing 
Retainer - Bearing 
Shaft - Input 
Liner - Bearing 
Sleeve - Bearing 
Gear - Bevel 
Adapter - Bearing 
Gear - Output 
Gear - Intermediate Spur 
Spacer - Bearing 

There are also 96 minor components, for a 
total of 108. Eleven of those 96 are fabri- 
cated by Western Gear; 85 are purchased 
outside already fabricated. We performed 
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our operation and cost analysis on the 12 
major components, based on the Manufac- 
turing Order for each part. (An MO is pre- 
pared by the Production Control section of 
Material Control as the authorization and 
complete bible for the manufacture of each 
part made internally by Western Gear; see 
Section III.B 2 below for a discussion of the 
organization of ths Manufacturing Depart- 
ment. A sample MO for the main housing of 
this gearbox, the Engineering Parts List, and 
the final Assembly Inspection Record form 
are contained in Appendix F.) 

b Manufacturing Operations All the opera- 
tions indicated on the 1 1 MOs are per- 
formed in a total of 17 different shop de- 
partments. About 26 man-hours of direct 
labor are required per gearbox, of which 
about 75% is involved in direct operations, 
and 25% is involved in setup. The percent- 
age breakdown of direct operation labor 
cost, by aepartment, is shown in Table 7. 

The percentage breakdown of setup labor 
cost, by department, is shown in Table 8. 

c Observations and Conclusions Perhaps 
the most significant statistic concerning the 
production of this simple gearbox is that 
258 move^ ants of parts between different 
locations are required. (Since completion 
and shipment took place during 3 months 
as three batches, somewhat more than 258 
moves were actually made.) Clearly, in a job 
shop environment, the control of in-process 
parts, tooling, and materials is a major con- 
sideroTion. 

We inspected all of the departments in- 
volved in the above manufacturing steps, 
and discussed the operation with the Manu- 
facturing Manager. The following are some 

of our major observations and the conclu- 
sions we have drawn: 

• The relative manpower strengths in the 
shop departments are similar to the cost 
ratios we derived for the particular gearbox 
we studied; as the loading in departments 
varies with the mix of orders, management 
transfers men from a low to a high demand 
function. They select and train men to pro- 
vide this flexibility. The operation in which 
our box was least representative of average 
products was final assembly.   Most gear- 
boxes contain five or ten  times  as many 
parts, which increases the demands on the 
assembler for dexterity, precision, and judg- 
ment,   He  is called on  to  use  additional 
skills, not the same skills more often. 

• There are so many uncontrollable and 
poorly predictable variables in the physical 
properties of  metals  that  few  gearboxes 
would meet the stringent DOD specifications 
without the continuous us3 of ingenuity by 
operators to beat the odds. When part fabri- 
cation   operations   have   been   automated 
(e.g.,  with  numerically-controlled  machine 
tools), the cost of the machines easily justi- 
fies the relatively small additional expense 
of a human operator to monitor the ma- 
chine's performance;  his  reaction  to mal- 
functions detected by subtle  patterns of 
sight,  sound,  smell, and touch sensations 
can save tens of thousands of dollars and 
weeks of downtime. 

•Conclusion: Significant reductions in di- 
rect labor through automation are ex- 
tremely unlikely in the manufacture of 
this and similar precise mechanical pro- 
ducts   manufactured   to   existing   DOD 
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Table 7 

DIRECT OPERATIONS LABOR BREAKDOWN, 
C-130 GEARBOX 

Department 
Involved 

Inspection 
Small gear cutting 
Grinding 
Turning (rough) 
(De)burring 
N/C machining 
Large bevel gear cutting 
Heat 'reatlng 
Assembly 
Turning (fine) 
Spindle drilling 
Sawing 
Milling 

Tote Is 

%of Total Direct # of Distinct 
Operation Labor Operations 

19 50 
15 10 
14 44 
13 19 
10 17 
7 9 
5.7 5 
5.5 35 
4.6 A 
4 11 
1 4 
1 8 
0.2 1 

100.0% 217 

Department 

Heat treat 
Plating 
Sawing 
Turning (rough) 
Total other [9] 

Table 8 

% of Total  Direct 
Setup Labor 

51 
20 

9 
6 

14 

100% 

[9] Casting stores (3%): grinding (2%); stores (2%) N/C 
machining (1 9%): turning - (me (17%). small gear cutting 
(1 6%l: large bevel gear cutting (0 7%); inspection (0 6%); spin- 
dle drilling (0 3%): milling (0 2%) 

specifications. The only hope for cost re- 
duction through automation of existing 
manual   operations   for   these   products 
would seem to be a radically new design 
philosophy allowing very reliable,  accu- 
rate products (such as airplanes and mis- 
siles) to be made from components whose 
specifications have considerable latitude; 
such a development is highly unlikely. 

• An operator can usually meet or exceed 
the time standards for the setup and per- 
formance of each process if the  material, 
tools,   information,  equipment,  and condi- 
tions are on time and correct. It is not now 
possible for management to control all these 
factors and meet these criteria in at least 
half the cases; nearly all significant devia- 
tions from time standards can be traced to 
these causes. 
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•Conclusion:  The management and con- 
trol of resources in a job shop environ- 
ment is currently a major source of inef- 
ficiency;  the investigation of computer- 
based real time production control sys- 
tems to aid in the management of these 
resources   in   a  job   shop  environment 
must have high priority. 

• During January 1973, at the time this 
study was  performed,  the  Manufacturing 
Department had about 500 employees, and 
monthly billings were about  $2,000,000 
The overhead rate charged was  180%, of 
this, about 80% represented rent and other 
occupancy   factors,   fringe   benefits,   and 
equipment   depreciation.   The   -emaining 
100% represented management and sup- 
port services,   i.e.,   people.   For each man 
performing  a  direct operation  there  was 
another person trying to keep him usefully 
employed. 

•Conclusion: This case study again illus- 
trates that overhead services for DOD- 
related n<anufacturing industries are a 
major cost factor. (We derived the same 
conclusion from the comparative statistics 
for "administrative, clerical, and sales" 
labor in Section II.) We again conclude 
that computer-based management and 
engineering aids to increase the produc- 
tivity and efficiency of indirect labor are of 
great potential importance 

2.   Manufacturing   Production   Control. 
Due to the importance of production control 
in a job shop, we studied the systems and 
procedures by which such control is cur- 
rently exercised. Before analyzing produc- 
tion control, however, it is important to 
understand the interrelationships among the 
Manufacturing  Department and the other 

departments of the Precision Products Divi- 
sion; the information flow within the Divi- 
sion is the source of the data used by Pro- 
duction Control. 

a    Information  Flow   Within   the  Division 
When a customer (in the case of the gear- 
box,  Lockheed) issues a purchase order to 
Western Gear, it is sent to the Sales Depart- 
ment   This department generates and dis- 
tributes a Sales Order to Accounting, Engi- 
neering,  Quality Cortrol,  and Manufactur- 
ing.  The first time a  product  is ordered. 
Engineering prepares an Engineering Re- 
lease, containing a Parts List (Bill of Materi- 
als),  Prints (which include purchase speci- 
fications and  inspection criteria),   and  As- 
sembly Drawings. The Sales Order and En- 
gineering  Release are directed to Ma*3rial 
Control and Industrial Engineering in the 
Manufacturing Department. Industrial Engi- 
neering does the planning and transmits the 
results to Material Control.  The  planning 
output contains material requisitions which 
go to Purchasing (under Material  Control) 
for outside procurement.  Planning also is- 
sues  a   list  of  fabrication  and  inspection 
steps for each part on the Parts List, tools 
and fixtures required at each step, and time 
standards for the setup and operation of 
each process. 

The latter documents are sent to the Pro- 
duction Control se-tion of Material Control. 
Production Control piepares, for each part 
that will be internally manufactured, a de- 
toiled MO form which is, as mentioned in 
Section III.B.1 a above, the authorization 
and complete instructions tor the manufac- 
ture of the part. The MOs go to the Shop 
Superintendent, who implements and con- 
trols  the   manufacture  of  the  component 
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parts, the final assembly, and final tests 
according to the MO plan. 

Our analysis concentrated on the func- 
tions performed by Production Control, and 
how the services of the Corporate Computer 
Center were used by the Manufacturing De- 
partment. 

b The SCOPE Production Control System. 
The only use of corporate computers by the 
Manufacturing Department is a package 
called SCOPE (Scheduling by Computer and 
Overall Production Evaluation). It wdS devel- 
oped by the Western oear Corporation cor- 
porate computer center for use by Produc- 
tion Control. 

SCOPE, like many other production con- 
trol systems we have seen, is a batch sys- 
tem useful only for rough job scheduling 
and monitoring. The major input is an MO 
and its scheduled completion date, both 
prepared manually by Production Control. 
Its major outputs are; 

• shop dispatch cards, one for each opera- 
tion scheduled; 

• semiweekly reports for Production Con- 
trol, Accounting, the Manufacturing Man- 
ager, and several managers reporting to 
him. 
Reporting of work accomplished is man- 

ual. Conflicts for resources and other prob- 
lems which produce deviations from sched- 
uled completion dates must be resolved 
manually. No useful exception reports are 
available. 

Our analysis of the use of the SCOPE 
system produced the following observations: 

• The Manufacturing Manager is charged 
$ 1 5,000 per month for the service; for 
that, he receives a pile of    tab runs" 

twice a week. The information is too volu- 
minous to be used effectively. 

• The Manufacturinc; Manager has come 
to believe that it is difficult to make small 
changes to the existing system to improve 
its accuracy or functional capability. 

• The Manufacturing Department is re- 
quired by corporate policy to purchase all 
programming and processing services 
from the computer center, and is not per- 
mitted to seek alternatives outside the 
company. 

• The job shop environment is extremely 
dynamic; priorities change on a daily -- 
sometimes hourly -- basis. Management 
decisions are continually required, often 
based on data that is not available in any 
formal information system. 

• Control of resources on an hourly basis is 
currently performed manually. Each 
morning the Manufacturing Manager pre- 
pares a new list of critical jobs and ques- 
tions. From 7:00 A.M. to 8:30 A.M. he 
meets with key members of his staff to 
request the accurate current status of the 
jobs -- what has been completed, what is 
in process, what problems prevent the 
schedules from being met, and where ev- 
ery critical part is located. His subordi- 
nates are instructed to gather information 
by personally touring the shops, not just 
relying on the computer listings. As the 
reports are presented to him, the manager 
manually determines job priorities and 
gives orders for the rescheduling of per- 
sonnel and equipment to overcome the 
critical problems. The manager spends 
the rest of each day following the pro- 
gress of these items, trying to anticioatr 
what future bottlenecks he created with 
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that day's decisions, and preparing in- 
structions for the night shifts to correct 
deviations from his morning plans that 
occurred during the day due to unpredict- 
able variables. 

Conclusion: There is a requirement for 
real time industrial information and 
control systems that: 

• are timely, accurate, and reliable; 

• are flexible and modifiable; 

• interface directly to managers having 
the responsibility for control; 

• aid managers in predicting the conse- 
quences of actions and decisions. 

To meet these requirements, a level of 
sophistication is required in real time, 
interactive r-oftware systems that is not 
currently available in an industrial en- 
vironment. 

C. Doug/as Aircraft Company 

CASE STUDY - N/C Fabrication 
Department.  Torrance, California 

1.  Company and Department Products. 
The McDonnell-Douglas Aircraft Corporation 
builds commercial and military aircraft, mis- 
sile, and space systems. The Douglas Air- 
craft Division manufactures commercial air- 
craft and components, and subsystems for 
similar military products. Although no sys- 
tem can be completed unless all its compo- 
nents have been assembled, the structural 
members are considered the most critical 
components. The N/C Fabrication Depart- 
ment in the Torrance, California, plant man- 
ufactures all the large and many small 
structural components for the DC-8, DC-9, 
and   DC-10   commercial   transports,   and 

many major parts of the F-4A, F-15, and 
missile systems assembled in the McDon- 
nell-St.   Louis facility. 

About 700 different types of parts are 
machined, finished, and inspected in this 
department. The sizes range up to dog-leg 
wing spars 30 feet long, and banjo fittings 
16 feet long and 10 feet wide for the tail 
engine of the DC-10, both milled trom alu- 
minum forgings. (See Figure 6.) There are 
many small parts about the size of an office 
desk cut from forgings of high-tensile steel 
or titanium. A very few machine tool sta- 
tions are dedicated to a single type of part 
— one that requires a large number of ma- 
chining hours. Most stations manufacture a 
variety of parts on a batch basis; the depart- 
ment is therefore operated as a large job 
shop. 

The schedule for the final assembly of 
complete aircraft in Long Beach or St. Louis 
from complete ship sets of components con- 
trol» all decisions in the N/C Fabrication 
Department. It is unforgivable for a $25 
million DC-10 to sit unfinished because a 
part was not present at the final assembly 
location on time. Most of the nonstructural 
parts can be obtained from more than one 
source, but for most of the parts made by 
the N/C shop it is the only possible source. 
As a result, the eyes of the corporation are 
always focused on this Department, and an 
interruption in its output is not tolerated. 
Therefore, we were very interested in ana- 
lyzing the procedures by which production 
control was managed, and the potentials of 
computer-based manufacturing systems for 
increasing productivity. 

2. Resources of the Department. Nearly 
all structural parts of air and space vehicles 
are warped three-dimensional surfaces with 
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Figure 6.     Machined "Banjo Fitting"   for DC-10 aircraft. 

no symmetry about any axis or plane. To 
machine accurately these contoured shapes 
from high-tensile metal with the fewest 
number of fixtures and machine setups re- 
quires large, rigid five-axis milling machines 
called profilers. At the present time, Tor- 
rance is the world's largest five-axis N/C 
facility. About 80 N/C tools costing over 
$30,000,000 are installed in a special 
building;  over 30 of these systems have 
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four or five axes of motion. It is the most 
impressive single N/C facility we have ever 
seen. 

Resources controlled directly by the man- 
ager are about 300 personnel (machine op- 
erators and their chain of supervision), 80 
N/C machines, and a smaller number of 
manually-operated machines. These re- 
sources cost Douglas $4,000 per hour of 
operation.  There are many service groups 
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whose function is, in part, supporting the 
N/C Fabrication Department. Some of these 
are: 

N/C Programming 
Tooling 
Maintenance 
Planning 
Production Control 
Manufacturing Engineering 
Industrial Engineering 
Transportation 
Purchasing 
Quality Control 

With a burden of 280%, about 600 people 
are required in other departments to support 
the 300 people in N/C Fabrication. 

3. How the Manager Controls His Re- 
sources. 

a Historical Background Prior to 1969, this 
N/C fabrication department had achieved a 
machine utilization rate of about 25%, a 
little above the average of the industry. 
Among the causes for this seemingly low 
rate were: lack of cutters, fixtures, tapes, 
materials, operators; machine tool malfunc- 
tion, lack of maintenance personnel or spare 
parts; an operator could lack certain instruc- 
tions, or receive incorrect instructions that 
produced a rejected part, so that the cycle 
was delayed until a new forging could be 
made; transportation could be late deliver- 
ing support items because of improper pri- 
orities; the necessary part or fixture was lost 
somewhere in the plant and no one could 
find it. 

In 1969 this shop began to manufacture 
parts for the DC-10 transports,  and the 

Long Beach plant began to assemble them. 
The product required a very large invest- 
ment (over $500,000,000) and involved 
very high risk. To recover its investment, 
the corrpany would have to sell over 200 
units at a price competitive with the pro- 
ducts of its two rivals, and have io learn lo 
manufacture them at a cost low enough to 
obtain the recovery. To assure the on-time 
flow of inspection-approved, difficult-to- 
make, vital structural parts to the assembly 
line, the N/C manager analyzed past prob- 
lems and decided it was necessary to obtain 
better control over certain operations and 
personnel. 

Therefore, the manager asked his man- 
agement for authority to invite computer 
vendors to submit proposals for a real time 
data acquisition and display system which 
wouid meet his functional specifications; 
that request was denied. The Douglas Com- 
puter Center offered a large estimate (about 
$1,000,000) but no performance guaran- 
tee. The N/C Manager would not fund such 
an offer. 

b The Existing System As a result of the 
factors summarized above, a totally manual 
real time information system was imple- 
mented by the manager of the N/C fabrica- 
tion facility. The goal of the system is C 
enable the manager to: 

1) meet delivery schedules; 

2) achieve fairly level machine loading; 

3) obtain  graphic real time display of 
work status; 

4) perform rescheduling in case of part 
shortages or machine tool breakdown; 

5) facilitate the flow of information from 
personnel at the shop floor, storage area, 
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or maintenance to the control room and 
back; 

6) alert personnel to exceptions requiring 
action. 

The system was implemented in 6 
months. It employs people as data gather- 
ers, analyzers, and reporters. Using this 
manual system, the total utilization rate has 
been raised to 57%, more than double the 
original figure. The investment in hardware 
was under $10,000, mostly for telephones. 

No facility is built into the system to pro- 
duce optimal schedules, loading, or lot 
sizes. Figure 7 contains a diagram of the 
information flow: 

I. Master Schedules detailing aircraft de- 
livery dates are developed in Long Beach. 

II. Manufacturing Plans developed by en- 
gineers detail the fabrication operations 
required for each ship set. 

III. Schedulers "explode" I and II manu- 
ally and apply individuo! operations to 
machine tools using bar charts. 

IV. Schedules for each machine tool are 
typed. These schedules are split into three 
categories which are on individual pieces 
of paper to allow for separate handling. 
Tne categories are: 

a. past due 
b. current 
c. future 

V. Schedules are posted in the control 
room on a weekly basis. This is the nerve 
center of the entire N/C fabrication facil- 
ity. On the walls of the control center are 
the following major displays: 

1) End-item completion scliedule. This 
shows the due date (from I) of each 
major item by quantity within week. 

When a lot is completed that week it is 
taped over in red. A bar slides over the 
schedule and is moved each week. Un- 
taped items to the left of the bar are 
past due, taped items to the right rep- 
resent future work completed. 

2) Schedules for each machine tool 
(from IV) are posted. Each column rep- 
resents a machine tool, the three rows: 
past due, current, future. Past due 
schedules are printed on colored paper. 
Summaries (total hours) are written in 
grease pen under each schedule shoet. 

3) Performance history is posted on 
graphs, e.g., past due hours and 
scheduled hours per week. 

4) Status of constraints, i.e., tool or- 
ders, material, N/C tape availability, is 
maintained in a "visirecord '-type file. 

5) Machine tool status displays what 
work is currently scheduled on the ma- 
chine, is the machine tool down, and if 
so, when will it be up is material avail- 
able, etc. 

VI. Material orders, receipts come into the 
control room to allow dispatching. 

VII. The work is dispatched to the shop 
floor via telephone and telewriter. 

VIII. Machine tool breakdowns, material 
shortages and job completions come back 
to the control room by telephone. 

IX. Maintenance is called. 

X. Maintenance is completed or estimated 
completion is phoned back. 

Figure 8 shows some of the wall displays in 
the management control center. This system 
effectively portrays a massive amount of 
information in summary form. Because the 

34 



mm •W^W^^W^^MW 

III   HOW DISCRETE PRODUCTS 
Douglas Aircraft Company 

MAINTENANCE 

MASTER 
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MANUFACTURING 
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MACHINE SHOP 
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Figure 7.     Information flow at Douglas Aircraft Manual  N/'. 
Management Control System. 

number of relationships between the data is 
huge, little attempt at dynamic preplanning 
can occur. As a result, "crises" occur regu- 
larly. The occurrence of crises necessitates a 
daily meeting of the manager with shop 
personnel during which additional informa- 
tion is interchanged and solution strategies 
are developed. 

In 1972, a series of discussions were held 
between the N/C Fabrication Manager and 

representatives of the Computer Center, to 
consider the computerization of thi i manual 
system. At the time of our initial visit in 
October 1972, the manager had just re- 
ceived an estimate of $500,000 (no per- 
formance guaranteed). He decided it would 
not give him the ability to increase his pro- 
ductivity, and terminated the negotiations. 
He has made changes in the system since 
1969  because  his original  specifications 
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Figure 8.     Wail  displays at  Douglas Aircraft Management 
Control  System. 
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were not precisely those he found he 
needed. Recently changes have been infre- 
quent. The latest change took his people 1 5 
minutes to implement. 

The manual data center has made it more 
efficient for the manager to make and im- 
plement some decisions, but it supports 
only a part of his responsibilities. He still 
spends the first two hours every day meet- 
ing with his staff, reviewing the status of 
critical jobs from a checklist The rest of the 
day he and his staff physi» ally track down 
the location and condition ol parts and sup- 
plies, give orders to move them, and in- 
struct operators to change the priority of 
their efforts. 

The manager has seen other computer- 
based production information systems, such 
as the Rohr N/C Status Display System, and 
has concluded it is not suitable for him to 
make real time control decisions. During our 
visit to Rohr in March 1973, we carefully 
compared the Rohr system to the Douglas 
"system" and reached the same conclusion. 
With the cooperation of the Douglas N/C 
manager, we prepared a documentary film 
showing the products and resources of the 
N/C Fabrication Department, and how he 
employs the Management Center to control 
his resources 

Due to the seeming importance of flexible, 
interactive software systems in this environ- 
ment, we held a number of discussions with 
the N/C manager to determine the com- 
plexity of the information network that 
would be required in an effective informa- 
tion system. Appendix G contains a list of 
420 vocabulary words which are relevant, 
culled from several diverse software pack- 
ages currently existing within Douglas. 
From these discussions,  we estimate that 

perhaps an additional 500 words would be 
required in a useful system capable of com- 
municating directly with a manager in a 
terminology familiar to nim 

c Conclusions - Douglas N/C Fabrication 
Our analysis of this facility has supported 
the conclusions reached in our study of pro- 
duction at Western Gear Corooration real 
time software systems currently available as 
management aids for job shop environments 
are too costly, too inflexible, and do not 
support the important managerial function 
of predicting consequences of incremental 
changes to existing schedules. An entirely 
new level of software sophist':ation, at a 
reasonable cost, is required. Increased pro- 
ductivity is possible through much more 
efficient utilization of resources, if truly ef- 
fective job shop production control systems 
are developed. Our initial studies show the 
information environment in job shop manu- 
facturing process control is sufficiently finite 
to permit development of the needed sys- 
tems using the latest state of the art soft- 
ware techniques. 

D.   Conclusions 

1.   Management of Manufacturing.  The 
major conclusion we reached, as a result of 
the case studies described abo /e, is that the 
single development that can have the great- 
est impact on manufacturing productivity in 
DOD-related industries is a system that 
serves the manufacturing manager -- that 
helps him and his subordinates do their job 
better. This conclusion results from our ob- 
servation that, in the case > //e have studied: 

• manager», are intelligent, decisive indi- 
viduals,   whose chief  responsibility is to 
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control their resources; their most impor- 
tant resource is the people they control; 

• managers are now required to make 
decisions based on data which is some- 
times wrong, too old, too voluminous, yet 
incomplete, and prssented in a form that 
does not aid the decision-making process; 
the resulting inefficiencies are the major 
problem in batch manufacturing. 

In short, managers of major manufacturing 
operations are not obstacles to progress; 
they are worth supporting with a major sys- 
tem design and implementation effort tai- 
lored to increasing their effectiveness in 
controlling their resources. 

There are major consequences resulting 
from the explicit decision that a system will 
se/ve|10| a manager; 

• the system (and its designers) must ac- 
cept the manager's assessment of what's 
important -   his set of priorities; 

• it must help the manager gain an accu- 
rate, useful conception of the status of his 
processes and resources; 

• the system must provide a useful inter- 
face to, and communication among, each 
of three classes of users: 

i)  the manufacturing manager; 

ii) his subordinates (and their subordi- 
nates, etc., down to the operators of 
machines and other persons performing 
specific manufacturing tasks); 

iii) the manufacturing tools and re- 
sources that are under direct process 
control; 

[lOj We emphasize the distinction between erving which 
implies a commitmen; to understand needs and be responsive to 
them until they are met. and providim/ ,> service, which has the 
implication,    there it is -- take it or leave it 

• the system must take into explicit ac- 
count the characteristics of (human) 
users: 

i) they make occasional errors and 
need to correct them; 

ii) they need service provided in terms 
they understand; there is an applica- 
tion-dependent vocabulary that must 
be understood; 

iii) the user must feel confident he un- 
derstands the system's behavior and 
the results it provides; these results 
must be consonant with his intuitive 
understanding of the operation of his 
facility; as a consequence, there must 
be an evolutionary change from old 
methods of operation to revised ones. 
There is therefore a requirement that 
the user be able to modify and enhance 
the system to guide this evolution. 
(Some system enhancements will of 
course be provided from external 
sources, e.g., programmers; however, 
the testing and evaluation of these 
modules and their eventual integration 
into the operational system must re- 
main under the user's control); 

iv) the user will be willing to undergo 
training in the use of the system if he 
believes its service to him justifies the 
training; however, training should nei- 
ther be excessive, nor assume the 
"computer programming" paradigm; 

• the system must complement the user's 
abilities, i.e., provide capabilities that the 
user lacks: 

i) storage and analysis of significant 
amounts of data, and selective retrieval 
from that collection of data; 
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ii) continuous, real time surveillance 
for exceptional conditions, and alerting 
of the appropriate parties; 

iii) formal decision-making, schedul- 
ing, ano optimization involving many 
known or estimated parameters; 

iv) modeling of complex systems to 
derive consequences of potential events 
and activities; 

• the system must be capable of being 
integrated quickly into an existing facility 
without major disruption; 

• the system must be highly reliable. 

The above system characteristics are 
stated in a very general manner. The follow- 
ing problems are specific examples of the 
environment in which we find managers 
currently making decisions and needing as- 
sistance 

Problem: A shipment is late or the customer 
requests early delivery; should he commit to 
a new date? 

Q: What is the current production status 
of the order? 

Q:  What is the load in the plant? 

Q: What resources and other commit- 
ments would rescheduling affecti* 

Problem: The actual loads on the profile 
mills are exceeding the forecast by 20%. 
Why? Will the trend continue? Will it be 
critical? How can the situation be alleviated? 

Q:  What parts are on the mill? 

Q:   Are schedules being met? 

Q: Are standard times being exceeded? If 
so, why? 

Q: Was the machine down? Why? Tool- 
ing or material not available? Equipment 
failure? 

Problem: The stretch press has required un- 
usually high maintenance lately. 

Q: Will this hurt current or future sched- 
ule compliance? 

Q: Has the equipment been adequately 
maintained? 

Q:   Are the parts defective? 

Q Is the work being performed beyond 
the equipment's capabilities? 

Problem: An overload is predicted in heat 
treatment three months from now. 

Q:   Will this cause a bottleneck? 

Q:   Should we reschedule? 

Q:   Can some parts be jobbed out? 

Q: What parts should he schedule over- 
time? 

Q:   Should heat treatment be expanded? 

Problem: Materials are consistently late to 
one of the work centers. 

Q: What is happening at preceding work 
centers? 

Q: Are move times too short for these 
items? 

Q:   Is transportation  not doing  its job? 
Why? 

Note that we don't expect a system to be 
capable of interpreting and responding to 
qtestions posed exactly a« shown above. 
However, this is the type of question to 
which answers must be found. The system 
should be useful to the maximum extent 
possible in formulating those answers. 

Many if the above questions can be an- 
swered by  rather straightforward querying 
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of a data base. However, the most persistent 
type of question which must be answered -- 
and the type of question which cannot be 
answered easily by traditional data base 
retrieval systems -- is 'What if...?". What 
if machine No 26 is down for maintenance 
for 4 days? What if supplier B is 2 weeks 
late in delivery? What is the resultant effect 
on this job? If some rescheduling is done, 
what are the effects on other jobs and 
schedules? What, ultimately, is the effect on 
profits from monthly billings? 

(In formal management sciences, based 
on mathematical programming, the above 
type of question is handled by sensitivity 
analysis" -- how sensitive are certain pa- 
rameters to changes in other ones? A sec- 
ond way of approaching this type of ques- 
tion is modeling and simulation An impor 
tant research question is the extent to which 
each of these techniques can be used, either 
separately or cooperatively, to provide sig- 
nificant, real time, daily assistance directly 
to the manufacturing manager of a major 
batch production facility.) 

Section IV of this report contains our rec- 
ommendations for the development of a 
Manufacturing Process Control system, in- 
cluding functional specifications and pro- 
posed system architecture. This proposed 
system is a direct result of our conclusion 
that more effective management and control 
of batch manufacturing is the greatest po- 
tential area of productivity improvement. 

2. Automation Technologies. The classi- 
cal definition of productivity is output per 
mon. The classical means of increasing pro- 
ductivity is automation -- replacing men by 
machines. During our case studies, we 
studied the potential benefits to be derived 
from  R&D programs in computer-based 
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automation technologies, ranging from a 
programmable factory (see Section III.A and 
Anderson, op. cit.) to incremental enhance- 
ments to existing numerically-controlled 
machine tools. 

The potential seems great; as suggested 
by Sectic II, manufacturing of DOD-pro- 
cured items is largely by batch production 
methods; oatch production requires flexibil- 
ity in the use of resources; computers can 
bring programmability and flexibility to the 
control of automated manufacturing re- 
sources. 

Specifically, in our analyses of TOW, 
Western Gear, Douglas N/C Fabrication, 
and other facilities, we considered the cur- 
rent state of the art and the potential for 
developments in the following areas: 

Self-test for machines 

Prograr.imable setup for machine tools 

Sensory output from machine tools 

Adaptive feedback for machine tools 

Tool-point sensing for machine tools 

Numerically controlling other tools 

Programmable assembly machine 

Random access conveyor 

Automated storage 

Programmable testing machine 

Programmable pallets 

Programmable fixtures 

Programmable parts transfer 

We evaluated potential developments in 
each area by two criteria: 

a)  Individual developments should,  if at 
all possible, be of interest to industry as 
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stand-alone devices that have the poten- 
tial of being cost-effective in manufactur- 
ing situations as they exist today. 

b) Individual developments will, to the 
extent this is predictable, interface as re- 
quired with other machines and comput- 
ers in a nearly completely automated fac- 
tory of the future. 

Our evaluation is that the only potential 
development areas that meet criterion a) for 
a significant number of important DOD 
suppliers are 

Self-test for machines 

Sensory output from mac'iine tools 

Adaptive feedback for machine tools 

(We exclude automated storage systems as 
being commercially available. We do not 
elaborate further in this report on self-test, 
sensory output, and adaptive feedback for 
machine tools, due to their seemingly lim- 
ited pertinence to the research program of 
the Information Processing Techniques Di 
rectorate of ARPA. It should be noted also 
that, due to a lack of time and resources we 
hav^ not considered to any significant depth 
two important areas of manufacturing: de- 
sign automation, and visual inspection sys- 
tems. We especially emphasize the impor- 
tance of design automation, since the main 
theme of this report is mat better informa- 
tion systems are the key to productivity, and 
the design process is a vital source of much 
of the information needed by these sys- 
tems.) 

It should be noted that, on the basis of our 
observations and discussions with line man- 
ufacturing personnel, we concluded that 
Programmable Assembly Machines that are 
cost-effective for a significant  number of 

DOD suppliers cannot  be developed with 
currently available technology.! 111 

However, the manipulation of objects in a 
factory, including manipulation for assembly 
tasks, is the labor-intensive operation; es- 
sentially all direct labor in manufacturing is 
involved in manipulative tasks: machine 
loading and unloading, assembly and fas- 
tening operations, material transfer, pack- 
aging, rhere are many reasons why it is 
important for these operations to become 
more completely automated: 

• to bring them under more direct, effec- 
tive computer scheduling, monitoring, 
and control; 

• to eliminate hazardous or unhealthy 
jobs| 1 21; 

• to increase uniformity of products, 
thereby decreasing reject and rework 
rates and increasing product reliability, 

From our analyses of the labor break- 
downs in DOD-relevant industries (see Ap- 
pendix D, Tables D-17 through D-22) and 
our inspection of the manufacture of many 
DOD products, we concluded that ARPA 
should bo especially receptive to proposals 
for research on assembly tasks related to 
electronic-based units, such as avionic 
equipment, small radar and communications 
units, and missile guidance units. Many 
reasons for this emphasis have been given 
in earlier sections of this report: 

| 1 1 j We stiess that all o( the conclusions in this report ate 
derived from a study of ma|Oi DOD suppliers: these conclusions do 
not necessarily apply to other rnanulactunng sectors 

I I/1]  Ihe new OSHA (Occupational S.tfety and Health Admmis- 
ii.ihiHii regulations will (.»■ a maior stimulus for increased automa- 
tion   the working conditions for a significant number of current 

il  ila liiiiiHi-itjs do not meet the OSHA requirements 
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« assembly workers constitute 42% of all 
employees in communications and elec- 
tronic equipment industries (see Table 4); 

• DODs demand for electronics appears to 
be constant volume rather than constant 
function; therefore significant assembly 
tasks will remain in spite of the continu- 
ing revolution in electronic technology; 

• the consistently small size and weight of 
electronic components simplify the me- 
chanical requirements in constructing a 
prototype assembly machine, and the re- 
sulting machine(s) could be broadly appli- 
cable to many different electronic-based 
products; 

• a prime requirement in electronic fabri- 
cation is the integration of testing proce- 
dures; greater mechanization of the fabri- 
cation tasks would permit more timely, 
thorough, computer-controlled testing to 
be introduced into the fabrication process. 

A flexible programmable electronic unit 
assembly machine would be especially use- 
ful in the construction cf prototypes; there is 
often a requirement for 10, or 50, nr 100 
idendca/ units for testing (e.g., destruc- 
tively, in a missile or "smart bomb"). It is 
currently very difficult to assure that such 
prototype units are fabricated identically by 
hand. 

Concerning the assembly of mechanical 
objects, we became convinced during the 
course of our investigation that programma- 
ble assembly  machines will firjt become 
cost-effective (and therefore first have a se- 
rious  impact)   in  the  mass  production  of 
commercial products.  The programmability 
will be used to allow a family of quite simi- 
lar products to be handled on one common 
automated assembly line. Initially, a little 
flexibility will be used to handle small varia- 
tions in products. (The use of Unimate in- 
dustrial  robots to handle the welding of 
various Vega  body styles at  the General 
Motors assembly plant at Lordstown, Ohio, 
is a good example of the use of flexibility to 
handle a family of products on a common 
mass  production  line.)   Gradually,  as the 
characteristics of programmable assembly 
machines are better understood, more flex- 
ibility will be introduced to handle more 
diverse product  families.  The  use of pro- 
grammable   assembly   machines   in   batch 
production situations with considerable di- 
versity will be a late stage in the evolution 
of those machines. 

Our recommendation for a research pro- 
gram in computer-controlled manipulation 
of objects is contained in the following sec- 
tion. 

42 

MMUMHaMMBMMIl*   ^-»—^ 



IV.  RECOMMENDATIONS 
FOR RESEARCH AND DEVELOPMENT 

Previous sections of this report have doc- 
umented the unique aspects of manufactur- 
ing for DOD procurement, the important 
leverage that DOD has in introducing new 
manufacturing technologies, and the real 
need of manufacturers for new technologies 
shown by our discussions with line manage- 
ment personnel and by our analyses of their 
operations. 

Based on these studies, we concluded 
that a major APPA R&D program based 
on the recommendations in this report can 
have a vital, important impact on manufac 
turing productivity. We recommend that an 
R&D program in manufacturing automa- 
tion be focused in two areas: 

1) development of a flexible, manager- 
oriented Manufacturing Process Control 
system, and its test and evaluation by in- 
plant use; 

2) continued research in the programma- 
ble manipulation of objects, with experi- 
ments designed to better understand the 
tradeoffs involved in assembly, material 
transfer, machine loading, and other tasks 
involving mechanical dexterity.|1 3| 

| 13) We emphas^e the distinction between: (i| a development 
program •• leading to a protol/pe product capable of being tested 
and evaluated (within a 3-5 year time period! under actual operat- 
ing conditions, and hav.ng a significant probability of high impact 
and (n) a research program -- performing experiments tailored to 
gam knowledge, but not having the expectation of producing a 
product meet'ng the criteria defined for a development program 

Each recommendation is discussed in de- 
tail below. 

A. A Manufacturing Process 
Control System 

The term "process control" normally re- 
fers to the control of continuous processes, 
such as oil or steel production. Process con- 
trol systems must be highly reliable, real 
time systems capable of performing control 
functions, as well as monitoring. Our pri- 
mary recommendation is that a system with 
these same attributes is vitally needed to 
assist in the control of the batch production 
of discrete manufactured product. The dif- 
ference in the case of discrete manufacture 
(and the primary reason effective control 
systems do not currently exist in that envi- 
ronment) is that the complexity and dy- 
namic nature of batch production require 
continuous, high-level decision-making by a 
human manager. What he needs to control 
his resources effectively is a computer- 
based controi system with sufficient flexibil- 
ity and intellig nee to interface both with 
him and with hL resources in that dynamic 
environment. 

/. Functional Requirements. A Manufac- 
turing Process Control (MPC) system is re- 
quired for use primarily by a manufacturing 
department manager. It must: 
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• give him accurate answers to common 
questions, such as the status of an order, 
the location of a part, etc.; 

• p ovide him or others exception reports 
when specified limit conditions have been 
reached, and enforce a user response; 

• provide status displays for critical opera- 
tions, and enforce user response to cer- 
tain conditions; 

• enable the manager to communicate 
with and control certain personnel, as 
well as leave a recorded audit trail; 

• allow the manager to control the alloca- 
tion of key items of equipment directly 
with the computer; 

• allow him to explore the consequences of 
potential decisions; 

• be flexible, so that the manager himself 
can make small changes in its functions 
as his needs change without system rede- 
velopment; 

• be usable directly by the manager, with 
an interface he finds natural to his task. 

2. Other Requirements. For the MPC sys- 
tem to have maximum transferability to a 
variety of industrial management environ- 
ments, and to have sufficient reliability to be 
trusted by a manager as the process control 
system, it must adhere to the highest indus- 
trial software engineering standards: 

• modular 

- independence of function 

- small blocks of code 
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• program and data independence 

• use standard languages 

• independence from operating systems 

• ninr.ial use of machine-dependent code 

• transaction-based 

• interface to batch processing 

• interface to other systems 

• checkpoint/restart 

• fail-soft 

• self-monitoring 

• completely documented 

• thoroughly tested by people independent 
of the development group 

3. Development Plan. 

a  System Architecture 

We propose a Manufacturing Process 
Control system tnat is highly reliable and yet 
which incorporates flexibility, user-depen- 
dent vocabulary, modeling, and deductive 
capabilities to the maximum extent possible. 
We believe the key to such a system is the 
system architecture in Figure 9. 

System A is stand-alone and performs 
real time data acquisition, monitoring, and 
resource control functions. It must be highly 
reliable, fail-soft, and have the other attri- 
butes of a process control system. It has a 
significant data acquisition capability, me- 
dium-speed storage and user output capa- 
bility, but a limited inquiry and command 
interpreta'..on capability -- most probably 
with a highly stylized syntax. System A is 
capable of requesting assistance and receiv- 
ing commands from System B. 

System B is a (potentially shared, poten- 
tially remote) "intelligence" resource. It is 
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SYSTEM    A 

Real  time 
data acquisition 

and resource control 

zm 
Sensors and 

terminal  interfaces 

Inquiry and 
command 

Figure 9.     Proposed manufacturing process control system architecture. 
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capable of performing; (1) a degree of natu- 
ral icr.guage understanding, (2) deduction, 
(3) modeling, to aid the manager in answer- 
ing .he ubiquitous "What if...?" type of 
question. 

When System A receives a query or com- 
mand it cannot interpret, that input is 
passed to System B; B is capable of request- 
ing relevant data from A (possibly using the 
same limited query format as the terminal 
interface to A). The resources available in B 
are used on a demand basis. B's capabilities 
can be expanded ar technology or demand 
permits, without compromising the integrity 
of System A. System B should utilize exist- 
ing system components to the extent possi- 
ble. 

This framework permits the gradual intro- 
duction of "intelligent system" technology 
into that manufacturing environment having 
the greatest potential payoff: control of re- 
sources in a complex, batch production 
manufacturing operation. 

b  Implementation Plan 

We feel the Manufacturing Process Con- 
trol system described above must be imple- 
mented according to the carefully graduated 
program shown in Table 9. 

In summary, we propose an initial engi- 
neering state of the art system be used as a 
means for gaining a thorough understand- 
ing of the environment; this understanding 
will then be used to develop a system whose 
capabilities and costs are known to be 
highly relevant and highly use ul. A thor- 
ough understanding of the interactions 
within a complex community of system 
users must precede the development of a 
system serving (and, potentially, partially 
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supplanting) that community. The manufac- 
turing production management environment 
is, in our judgment, the most productive one 
in which this analysis and resultant system 
development program can be performed. 

c   Estimated Benefits and Payoff 
It is, of course, difficult to p edict very 

accurately the benefits to be derived from the 
installation of the MPC system described 
above. However, the following data are rel- 
evant in  making such an estimate: 

1) the manufacturing managers we con- 
sulted believe such a system is the single 
most important development program 
that is required for increasing their facili- 
ties' productivity; 

2) such an MPC system is directly rele- 
vant to the vast majority of manufacturing 
facilities supporting DOD procurement; 
the effective control of in-process re- 
sources is fundamental to all manufactur- 
ing operations; 

3) an MPC system is the critical compo- 
nent supporting any further advance- 
ments in computer-based manufacturing 
automation. Effective control of resources 
Is required to take advantage of other 
advanced manufacturing system capabili- 
ties. 
Taking all of the above into consideration, 

our best estimate is that an MPC system 
meeting all of the functional specifications 
in Section IV.A.I above, could reduce the 
cost of complex job shop operations by at 
least 20% -- in some cases by up to 50%. 
(Recall from Section II that manufacturing 
inventories cost DOD over $1 billion/year; a 
20% reduction in inventories through im- 
proved control by the widespread use of 
MPC systems could ultimately yield savings 
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Table  9 

MANUFACTURING PROCESS CONTROL SYSTEM IMPLEMENTATION PROGRAM 

Month   ^ 

0-3 Create accurate documentation of the  information,   control,   and 
material flows in one or more existing factory environments. 

3-month milestone:     written description of existing  information, 
contraband material   flows. 

3-6 Create specifications  for a real-time on-site production control 
system which encompasses  the transactions  in the flow analysis; 
this system  (A) must be  cost-effective on a stand-alone basis. 

6-month milestone:     1) written specifications for System A; 

2) agreement by one or more marufacturing managers to 
install a system meeting these cost and performance specifi- 
cations. 

6-18 Create,  debug,   test,   and  install  System A in a manufacturing 
operation. 

18-month milestone:     installed,  operational  System  A. 

18-24 Use System A as a v/indow  into the manufacturing system; 
perform a frequency and cost analysis of the  information and 
control  transactions;  create an  itemized,  ordered list of system 
modifications and enhancements required for major productivity 
improvement. 

24-month milestone:     1)  list of System A modifications; 

2) System  B specifications. 

24-36 Develop,   install,   and evaluate advanced features  in Systems 
A and B. 

36-month milestone:     an evaluation of what features are, 
and are not,   useful   in a real-time,  manager-oriented 
batch production control  system,  with an evaluation of 
the extent of their effectiveness in  increasing manufacturing 
productivity. 
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of $200 millicn/year.) Most importantly, 
the development time schedule presented in 
Section IV.A.3.b allows a test of this predic- 
tion in selected manufacturing facilities 
within 3 to 4 years Our primary recom- 
mendation to ARPA is that such a develop- 
ment and test be made. 

B. Research in Automation 
Technologies 

The primary conclusion on automation 
technologies, presented in Section III.D.2 
above, is that ARPA-sponsored research 
should concentrate on assembly and testing 
tasks related to electronic-based units. 

We feel that a research program in this 
area should be based on the validation pro- 
cedures that we used in the present study 

• perform case analyses of electiomc fabri- 
cation operations currently being used, 
and obtain estimates, from manufacturing 
representatives with line responsibility, of 
the expected changes in fabrication tech- 
nology tc be utilized by their facility dur- 
ing the next decade; 

• form an Advisory Council of line manu- 
facturing representatives to validate the 
conclusions of that study and the func- 
tional specifications derived from it for a 
prototype machine; 

• perform an R&D program in cooperation 
with representatives of relevant industry 
groups to develop prototype systems; 

• arrange for on-site test and evaluation of 
prototype rystems in actual production 
environments. 

Our preliminary examination of electronic 
assembly operations indicates this is an area 
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in which considerable computer-based ma- 
chine flexibility is required. The nature of 
the physical processes involved leads to 
such conditions as accidental drops of solder 
causing unexpected circuit errors, and "jig- 
gling" heuristics needed for proper plug 
and board insertions. (There is also an im- 
portant need to explore redesign possibilities 
for plugs, sockets, and components to make 
them more amenable to manipulation by 
machine.) Much of the research on manipu- 
lation and machine dexterity performed in 
the area of electronic unit fabrication will be 
relevant to the more difficult and more var- 
ied task of mechanical assembly of discrete 
objects. 

C.  Concluding Remarks 

The Advanced Research Projects Agency 
has played an important role in sponsoring 
high-impact research and development in 
the United States. This report has shown the 
research and development program in com- 
puter-based manufacturing systems out- 
lined above has: 

• potentially great impact on increasing 
the productivity of DOD suppliers; 

• even greater importance to the U.S. 
economy and to improving the U.S. bal- 
ance of trade; 

• a requirement for advanced computer 
technologies in which the ARPA contrac- 
tor community has a demonstrated inter- 
est. 

We sincerely hope this report will form 
the foundation of an ARPA-sponsored 
R&D program in advanced, computer- 
based manufacturing systems. The potential 
benefits are enormous and are vitally 
needed now. 
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30 Aug 72   Kamrany 

Miss M. Hall 
Staff Economist 
The Price Commission 
Washington, D.C. 

28 Sept 72  Kamrany 

Mr.   John ^acut, 2  Oct   72 
Mr.   ArbolIn 

Division of   Productivity  Studies 
Department   of  Labor 
Washington,   D.C, 

Kamrany 
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Mr. Eisenberg 
Bureau of Labor Statistics 
U.S. Department of Labor 
Washington, D.C. 

2-3 Oct 72  Kamrany 

Mr.  Gal)   Elchelman 
Wright-Patterson AFB 
Ohio 

17 Oct   72 Anderson,  Rosenberg 
Col.  J.  Perry   (ARPA) 

F.W. Randall, 
Charles P. Downer 

Office of the Assistant 
Secretary of Defense for 
Installations and Logistics 

U.S. Lepartment of Defense 
Washington, D.C. 

9 Nov 72    Anderson, Kamrany 
Rosenberg 

Mr. H. Holly 
Technology Transfer 
NASA 
Washington, D.C. 

10 Nov 72   Kamrany 

Dr. Michael Boretsky 
D.S. Department of Commerce 
Washington, D.C. 

(r) Kamrany 

Dr. John M. Evans (|) 
Staff Assistant for Automation 

TechnologI es 
National Bureau of Standards 
Department of Commerce 
Washington, D.C. 

Anderson 

Or, Bernard Chern 
RANN 
National   Science Foundation 
Washington,   D.C. 

(I) Anderson, Kamrany 
Rosenberg 

Mr. Conrao C. Lautenbacher 
Office of the Assistant 

Secretary of Defense for 
Systems Analysis 

U.S. Department of Defense 
Washington, D.C. 

(I) Anderson, Kamrany 
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Dr.   Wl lllarn  Cox 
Joint  Economic Committee 
U.S.   Congress 
Washington,   D.C. 

(i) Kamrany 

UNIVERSITIES AND NON-PROFIT ORGANIZATIONS 

Persons Contacted 

Robert Perry 
The Rand Corporation 
Santa Monica, Catif. 

Prof. Marvin Minsky 
Project rAC 
M.l.T. 

Date 

2 Aug 71 

12 Aug 71 

Participating 
Project Members 

Anderson» Davis, 
Ellis, Groner 
Sibiey, Uncapher 

Anderson, Davis 
Ellis, Groner, 
Sibiey 

Robert Salter 
The Rand Corporation 
Santa Monica, Calif, 

18 Aug 71 Anderson, Ellis 

Fred Morgan 
The Rand Corporation 
Santa Monica, Calif. 

8 Sept 71   Anderson, Brewer 
Davis, Ellis, Groner, 
Roseen, Sibiey, 
Uncapher 

G. bailey 
American Ordnance 
Association 

Mobilization Readiness Division 
Washington, 0,C. 

1A Sept 71  Anderson, Brewer 

W. House 
National Academy of Sciences 
Washington, D.C. 

15 Sept 71  Anderson 

W. Jamieson 
Battelle Nenorial Institute 
Columbus, Ohio 

22 Sept 71  Sibiey, Rosee.1 
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G.   1.   Wächter 
Stanford Research 

Institute 
Menlo Park,   Calif. 

16 Nov 71 Anderson, SIbley 

Gordon Grahnm 
The Rand Corporation 
Santa Monica, Calif. 

7 Dec 71    Anderson, Brewer 
Davis, Ellis, Groner, 
SIbley, Roseen, 
Uncapher 

Dr. James Ntvlns 
Draper Laboratory 
M.I.T. 
Cambridge, f^'ass. 

(I) Anderson, Groner 

Mr. Geome Leiser 
battelle Manorial 
Washington, D.C. 

Instltute 
h  Aug 72 Anderson, Kamrany 

Mr, R. Crdlo, Dr. F, Buttner 
battelle Menorlal Institute 
Columbus, Uhlo 

28 Aug 72 Anderson, Kamrany 

Dr. £, Denlson 
Brooklngs Institution 
Washington, D.C. 

2 Oct 72 Kamrany 

Or. M. I. Nadlrl 
Department of Economics 
New York University 
New York, N.Y. 

7 Oct 72 Kamrany 

Jerome Feldman, Tom Blnford   (I) 
Cordell Green 
Artificial intelligence Project 
Stanford University 
Stanford, California 

Anderson 

Mr. Eugene f agad 
IIT Research Institute 
Chicago, I 11 Inols 

30 Oct   72 Anderson,   Kamrany 
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Or.  Charles   Rosen (i) 
Stanford Research  Institute 
Menlo Park,   California 

Anderson 

INDUSTRIES 

Person*.  Contacted 

D.   blckle 
Lockheed California  Co. 
Burbank,  CalIf. 

Date 

4  Aug  71 

Participating 
Project Members 

Anderson,   Davis, 
Ellis,  Groner, 
Slbley 

Stanley Crorer 
A.M.F.   Executive Offices 
White  Plains,   N.Y. 

9 Aug 71 Anderson, Davis, 
Ellis, Groner 

T. LIndbom 
Unimat lor , Inc. 
Danbury, C(;r.n, 

10 Aug 71   Anderson, Davis, 
Ellis, Groner, Slbley 

Joe Serieno 
A.M.F. York Division 
York, Pennsylvania 

11 Auy 71 Anderson, Davis, 
Ellis, Groner, 
Slbley 

M. Goulder 
Saunders Associates 
Nashua, N.H, 

13 Aug 71 Anderson, Davis, 
Ellis, Groner, 
Slbley 

H.  Mayes 
Falrchllcj  Semiconductor 
Palo Alto, Calif. 

20 Aug 71   Groner 

Wl11 lam Rogers 
A.M.F. Volt Division 
Santa An.j, Cal I f. 

Bernard Pome 
A.M.F. Tiro Equipment Olv. 
Santa An^, CalIf. 

27 Aug 71   Groner, Slbley 

27 Aug 71   Groner, Slbley 
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G. üodd 
G.M, Technlca] Center 
Warren, Michigan 

2^ Sept 71   SJbley 

R.   Lewis 
Chevrolet  Assembly  Plant 
Warren, Michigan 

2k   Sept   71        SIbley 

H, Martin 
i3M Corpc>r.a Ion 
Advanced Systems Division 
Mohanslc, N.Y, 

5 Get 71 Anderson, Ellis, 
Uncapher 

J. WII for a 
IBM Corporal. Ion 
Components Clvlslon 
East Flshki 1 I , N.Y. 

6 Get 71 Anderson, Ellis, 
Uncapher 

J. Massara 
IBM Corporal Ion 
Federal Systems Division 
Gwego, N.Y. 

7 Get 71 Anderson 

WI 11 lam Wi iters 
G.M. Technical Center 
Warren, Michigan 

11   Get   71 Brewer,  Groner, 
SIbley 

R.  Glorio 
A.M.F.   Versatran 
Detroit, Michigan 

12  Get   71 Brewer,  Groner,   SIbley 

J.  G'Reiliy 
Ford Motor   Company 
World Heaoquarters 
Detroit, Michigan 

12  Get  71 Brewer,  Groner,   SIbley 

WI 11 lam Spurgeon 
Bendix  Research  Labs 
Southfielo,   Michigan 

13  Get   71 Brewer,  Groner, 
SIbley 
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Ken Boyd 
Kearney-Treeker 
Milwaukee, Wisconsin 

U Oct 71   Brewer, Groner, Slbley 

Frank  Long 
W.F.   and John Barnes Co. 
Babcock and   WMcox 
Rockford,   Illinois 

15 Oct   71 Brewer,  Groner,   Slbley 

P.   Wood 
Sundstrano  rachlne  Tool   Co, 
belvldere,   J lllnols 

16  Oct   71 Brewer,   Groner,   Slbley 

J.   Linden 
Hughes  Aircraft  Co. 
LI   begunco,   California 

5 Now   71 Davis,  Groner,   Slbley 

Howard  LaiL i n 
Hughes   Aircraft  Co. 
Culver   CUy,   Calif. 

Mi  Dec   71 Anderson,   Brewer, 
Davis,   Ellis,   Roseen, 
Slbley,   Uncapher 

T. Fischer 
IBM CorpordL Ion 
San Jose, California 

13 jan 72   Groner, Slbley 

R. W. Boesel 
Lockheed Missile ano 

Space Divi si on 
Sunnyvale, California 

\k  Jan 72   Groner, Slbley 

R.   Nelson 
Mattel   Toy  Company 
Hawthorne,   California 

25 Feb   72 Slbley 

L.   W,   Sali sL ury 
Litton-McIonics  Division 
Canoga  Park,   Calif. 

1  Mar   72 Slbley 

Roger   Dor f 
IBM  Corporal ion 
Rochester,   Mi nn. 

2  Aug   72 Anderson 
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Everett Randlett 
Cross Fräser, Inc. 
Detroit, Michigan 

Michael Mikolay 
Entrekin Computers 
Flint, Michigan 

22 Aug 72 

23 Aug 72 

Reynolds 

Reynolds 

James Barth 
Swanson-Erie Corp. 
Erie, Penna. 

2k  Aug 72   Reynolds 

Richard uodi ne 
Bodine Corporation 
Bridgeport, Conn. 

25 Aug 72   Reynolds 

Lyei1 Tullis 28 Aug 72 
Gilman Engineering & Mfg. Co. 
Janesvlllet Wisconsin 

Reynolds 

Mr»   Wi lliam  Beeby 
Manager, Process Assembly 
The Boeing Company 
Auburn, Washington 

(i) Anderson,  Rosenberg 

Mr.  Clint  T.   Hays 
Manager, N/C  Fabrication 
Douglas Aircraft Company 
Torrance,  Calif, 

(r) Anderson, Rosenberg 
Hinds 

Mr. Maury Kalnltz 
IBM Corporation 
Mohanslc, New York 

(i) Anderson 

Mr. Harvey Buffum 13 Dec 72 
Director, Operations Technology 
The Boeing Company 
Renten, Washington 

Anderson, Rosenberg 

Mr. Ronald Patltz 
Manufacturing Manager 
Precision Products Division 
Western Gear Corporation 
Lynwood, CalIf. 

(r) Anderson, Rosenberg 
Hinds 
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Mr. Harry Davis 
Hughes Aircraft Company 
Tuscon, Arizona 

(i) Anderson,  Rosenberg, 
Brewer 

Donald J.  Reifer 
Hughes Aircraft Company 
Culver  City,   Calif. 

(1) Anderson,  Rosenberg 

A.   Stone,   U.   Gustason, 
X.  Kohan 

Hughes Aircraft  Company 
El   Segundo,   Calif. 

(I) Anderson, Rosenberg 

Tom Bernard 
Director,  Computer   Systems 

and Services 
Rohr  Corporation 
Chula  Vista,   Calif. 

6 Mar   73 Anderson,  Kamrany 
Rosenberg,   Llentz 
Brewer 

Richard t.   Fugllese, 
Walter Claus 

Large  Systems  Plant 
Burroughs  Corporation 
City of  Industry,  Calif. 

21 May 73 Anderson, Balke, 
Rosenberg 

CONFERENCES 

Description Dates 
Participating 

Project Members 

Society of Manufacturing 
Engineers 

CAD/CAM Conference 
Atlanta, Georgia 

1-3 Feb   72       Slbley 

Engineering  Foundation 
Conference  on Patcorn 
Information Processing 

Airlle House,   Virginia 

23-27 Feb  72 Anderson 

A-ll 
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Second International 
Symposium on 
Industrial Robots 

Chicago, 111Inols 

16-18 May 72 Brewer 

1972 International Machine 
Tool Show 

Chicago, 111 Inols 

12-13 Sept 72 Brewer 

First NaUoral Conference    13-15 Sept 72 Anderson 
on Remotely Manned Systems 

California Institute of Technology 
Pasadena, C.jllf. 

NSF Conference on 
Producu'vity In the 
Durable foods Industry 

University of Massachusetts 
Amherst, NüSS, 

^»-6 Oct 72  Kamrany 

NSF Workshop on Sensors for 
Automation 

Cambridge, Tass, 

10-12 Apr 73 Anderson 

tnglneering Foundation       13-17 Aug 73 Anderson 
Conference on Making Service 
Industries More Productive 
Through Computers and Automation 

Hennlker, Kew Hampshire 

Third International Joint 
Conference on Artlflcal 
Intelllgence 

Stanford University 
Stanford, California 

20-23 Aug 73 Anderson 
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APPENDIX B: 

DEFINITIONS OF ECONOMIC TERMS 

Source:    United States Department of Commerce 
Bureau of Domestic Commerce 
Industry  R-ofiles (1958-1969) 
pp. vii-x 
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Introduction 

For each of the 527 manufacturing industries covered, 

Industry Profiles presents 20 basic data series relating 

to employment, payrolls, manhours, value of shipments, 

value added by manufacture, capital expenditures, in- 

ventories, and selected averages. These series were 

obtained from the 1963 and 1967 Censuses of Manu- 

facturers and the 1968 Annual Survey of Manufacturers, 

published by the Bureau of the Census. Data ore 

shown for the years 1938 through 1969. 

Industry data shown refer to the two-, three-, and 

four-digit industries as defined in the Office of Man- 

agement and Budget's Standard Industrial Classification 

(SIC) of 1967. For the years 1958, 1963, and 1967, 

industry statistics were developed from a complete 

census of all manufacturing establishments. Data for 

all other years are based on reports from a sample 

consisting of approximately 65,000 establishmcits. Each 

reporting establishment was assigned an industry code 

on the basis of its major product or group of products. 

In this publication in some instances it was necessary 

to combine industries in order to present comparable data 

for the entire period shown. Combined industries are 

identified in this volume by an "x" as the last digit of 

the industry code. The industries included are shown 

with the title for each such profile. 

Though each reporting establishment is classified in 

an industry on the basis of its major product or activity, 

the industry aggregates shown reflect the total activity 

of the establishments so classified. The vclue of ship- 

ments data in this publication represent all of the ship- 

ments and receipts of the establishment classified in 

the specific iridustne:., inci i ':ng the shipments of pri- 

mary products, secondary products and miscellaneous 

receipts. They differ from the value of shipments on a 

product basis. The latter, for which data are not shown 

in this release, represents the total value of shipments 

of the specific groups of products regardless of the 

classification of the establisf -nent from which they 

were shipped. 

1969 Data 

Data for 1969 "re from the pre'iminary Annual 

Survey of Manufactures release of June, 1971. These 

preliminary data are developed from a sample used 

in t le preliminary 1967 census reports and in preceding 

annual survey years. 
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All of the 1969 estimates shown, except capital 

expenditures, are commuted by adding the net change 

between 1968 and 1969, as estimated from the sample, 

to the 1967 Census of Manufactures totals. Prior to the 

issuance of the final 1969 Annual Survey of Manufac- 

tures Volume, the user may revise *hese preliminary 

estimates by means of the Tmal 1967 Census reports. 

Revised estimates can be derived as follows: 

1969 (Revised) = 1969 (Preliminary) + 1968 (Final) 

-  1967 (Final) 

Data for all years except the complete census years 

of 1958, 1963 and 1967 are based on sample surveys 

and are therefore subject to sampling errors. Data and 

computations for which the sampling error exceeds 15 

percent are marked with an asterisk (*) in the industry 

profiles tables. 

For most series, the percent change from 1968 to 

1969 and the average annual growth täte from 1958 

to 1969 hav»» been compiled. The average annual 

growth is ronputed on the basis of compound interest 

tables. 

Definition  of Terms 

Table 1 consists primarily of 20 series including ten 

basic statistical items and ten derived ratios or averages 

for each industry. In addition, five selected data items, 

not available on an annual basis, are shown. Each of 

these is defined below. 

Number of Estab/ishmenfs n967j-Number of plants 

primarily engaged in producing the products covered 

iti a given industry as defined in the SIC. This infor- 

mation is collected only during the census of manu- 

factures each five years. 

ßoolt value of Assets per Employee (1964)—Computed 

by dividing total employment into book value of fixed 

assets. This figure is a rough guide to the amount of 

investment per job reauired in r given industry and of 

the capital intensity of individual industries. Data are 

shown for 1964, the latest data available on book 

value of fixed asstts. 

Specia/izotion fiatn n967J—Derived by dividing the 

total output (both primary and secondary products) of 

the industry's plants into their output of products pri- 

mary to the industry. The resulting percentage measures 

the extent to which the industry specializes in making 

its primary products. 

  H.^ aMMMMUMH 



Coveroge Ratio (1967)-Compu\ed by dividing the 

total output of products primary to an industry 'wherever 

produced) into the output of primary products produced 

within the industry. This ratio measur«»' !he extent to 

which the products primary to an industry are shipped 

by plants classified in that industry. 

Concenfrofion Ratio (1967)-lhe percentage of an in- 

dustry's value of shipments accounted for by the 4 

largest one  8 largest companies. 

Aii ^c'oyees—All full-time and part-time employees 

on the fjayrolls of operatiny manufacturing establish- 

ments who work J or received pay for any part of the 

pay period ended nearest the 15th of selected months. 

Included are all persons on paid sick leave, paid holi- 

days, and paid vacations during these pay periods. 

Excluded are members of the Armed Forces and pen- 

soners carried on the active rolls bui not working 

during the period. All plant employees including plant 

officials are included except proprietors and partners 

of unincorporated firms. 

Total employment consists of an average of four 

monthly figures for "production workers" (March, May, 

August, and November) plus the March figure for "all 

other employees." 

Payroll—Ihii total represents gross wages and salaries 

paid in the calendar year to all employees on the pay- 

roll of operating manufacturing establishments, follow- 

ing the definition of payrolls used for calculating the 

Federal withholding tax. Included are ':ll forms of 

compensation, such as salaries, wages, commissions, dis- 

missal pay, all bonuses, vacation and sick leave pay, 

and compensation in kind, prior to such deductions as 

employees' Social Security contributions, withholding 

taxes, group insurance, union dues, and savings bonds. 

The total includes salaries of officers of these estab- 

lishments, if a corporation; it excludes payments to the 

proprietor or partners, if an unincorporated concern. 

Also excluded are payments to members of the Armed 

Forces and pensioners carried on the active payrolls of 

manufacturing establishments. 

Production Workers-All workers (up through the 

Working foreman level) engaged in fabricating, proc- 

essing, assembling, inspection, receiving, storage, nan- 

dling, packing, warehousing, shipping (but not deliver- 

ing), maintenance, repair, janitarial, watchman services, 

product develor.-nent, auxiliary production for plants' 

own use (e.g., power plant), record-keeping, and other 

services closely associated with these production opera- 

ations at the establishment covered by the report. Super- 

visory employees above the working foreman level are 
excluded from this category. 

Production Worker Mon-Hoorj-AII plant man-hour» 

of production workers, as defined above, represents all 

man-hours worked or paid for at the plant including 

actual overtime hours (not straight-time equivalent 

hours). The total excludes hours paid for vacations, 

holidays, or sick leave, when the employee was not at 

th» plant. Where employees elected to work during 

the vacation period, only actual hours worked by such 

employees were reported. 

Wages-Gross earnings paid in the calendar yeor 

to all production workers on the payrolls of operating 

manufacturing establishments. 

Value Added-This measure is derived by adding the 

values of shipments to the net change, between the 

beginning and the end of the year, in inventories of 

finished goods and work in process (may be plus or 

minus), and subtracting the cost of materials. The value 

of shipments includes value of product shipments, re- 

ceipts, for services for others on their materials, miscel- 

laneous receipts (repair work, scrap sales, etc.), and 

sales of products bought and resold without further 

manufacture, processing, or as'^mbly. The cost of ma- 

terials includes the cost of mate, ials, components, parts, 

containers, fuels, purchased electricity, products bought 

and resold without processing and the cost of contract 

work done by ot ier$. 

"Value added" avoids the duplication in the "value 

of shipments" figure which results from the use of prod- 

ucts of some establishments as materials by others. 

Consequently, it is useful for comparing the relative 

economic contributions of the manufacturing process 

among industries and geographic areas. 

Cos* of Mo/erio/s—The term "cost of materials" 

refers to direct charges actually paid or payable 

tor items consumed or put Into production during 

the year, including freight charges and other direct 

charges incurred by the establishment in acquiring 

these materials. Manufacturers included the cost of 

materials ur fuel consumed regardless of whether 

these items were purchased by the individual 

establishment from other companies, transferred 

to   it  from   other   establishments   of  the   same  com- 
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pany, or withdrawn from inventory during the 

year. 

To arrive at the industry total cost of materials, 

separate figures were obtained for: (a) the total de- 

livered cost of all raw materials, semifinished 

goods, parts, components, containers, scrap, and 

supplies put into production or used cs operating 

supplies and for repai'- and maintenance during 

that year; (b; the amount paid fo- electric energy 

purchased; (c) the amount paid for all fuels con- 

sumed for heat, power or the generation of elec- 

tricity; (d) the cost of work done by others on ma- 

terials or parts furnished by manufacturing estab- 

lishments (contract work); and, (e) cost of products 

bought and resold in the same condition. The total 

excludes the cost of services used, such as adver- 

tising, insurance, telephone, etc., and research, de- 

velopmental, and consulting services of other estab- 

lishments; it also e. .ludes overhead costs, such as 

depreciation charges, rent, interest, royalties, etc.; 

It excludes materials, machinery and equipment 

used in plant expansion or capitalized repairs 

which are chargeable to fixed assets accounts. 

Value of Shipments—Dollar amounts of the re- 

ceived or receivable net selling values, f.o.b., plant, 

after discounts and allowances, and excluding 

freight charges and excise taxes. However, where 

the products of an industry are customarily de- 

livered by the manufacturing establishment (e.g., 

bakery products, fluid milk, and soft drinks), the 

value of shipments is based on the delivered price 
of the goods. 

Included in value of shipments are: all items 

made by or for each establishment from materials 

owned by it, whether sold, transferred to other 

plants of the same company, or shipped on con- 

signment; receipts for contract work, and receipts 

for such miscellaneous activities as sale of scrap 

and refuse, installation work by plant employees, 

research and development, and repair work. The 

net selling value of products made in one plant 

on a contract basis from materials owned by others 

was reported by the plant providing the materials. 

The value of products bought and resold without 

further processing (merchandising) was reported 

separately and is included in the value of ship- 
ments totals for each industry. 

For multi-unit companies, the value of products 

transferred to other establishments of the same 

company (i.e., other manufacturing plants, sepa- 

rate sales branches, or retail stores) was tabulated 

as though each establishment were a separate eco- 
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nomic unit. Included in "value of interplant trans- 

fers within the company" are not only the direct 

costs of production but also a reasonable propor- 

tion of "all other costs" (including company over- 

head) and profit. 

Capita/ Expenditures—For establishments in opera- 

tion and establishments under construction but not 

yet in operation, these data include expenditures 

for (a) permanent additions and major alterations 

to manufacturing establishments and (b) new ma- 

chinery and equipment used for replacement pur- 

poses and additions to plant capacity, if these are 

of the type for which depreciation accounts are 

ordinarily maintained. 

These totals exclude that portion of expenditures 

for new facilities and equipment leased from non- 

manufacturing concerns, new facilities owned by 

the Federal Government but operated under con- 

tract by private companies, and plant and equip- 

ment furnished to the manufacturer by communi- 

ties and organizations. Expenditures for used plant 

and equipment, expenditures for land, and cost of 

maintenance and repairs charged as current op- 

erating expense are also omitted. 

End-of-Vear /nventor/es—Respondents were asked 

to report their inventories at approximate current 

costs if feasible; otherwise "at book values." Since 

different methods of inventory valuation are used 

(LIFO, FIFO, etc.) the definition of the value of in- 

ventories aggregate for all establishments in an 

industry is not precise. The figures on change in 

inventory between years are of considerably 

greater significance. 

Value Added as Percent of Shipments—Computed 

by dividing "value of shipments" into "value 

added." The resulting percentage shows the contri- 

bution of an industry to its value of shipments. 

The complement of that percentage (100.0 minus 

the percentage), which is not shown, would be an 

approximation of the importance of the cost of 
materials of the industry. 

/nven/ories as Percent of Shipments—Computed by 

dividing the value of shipments info end-of-year 

inventories. This is an indicator of turnover rates 

and levels of sales activity among industries. 

Payroll as Percent of Value Added-Computed by 

dividing value added into payroll to obtain this 

measure of labor intensity. 

Value of Shipments per Production Worker-Com- 

puted by dividing "production workers" Into "value 

of shipments." If is important to note that the 

"value of shipments" may be affected by several 
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factors, luch at coit of materials and the Importance 

of receipts and payments for contract work, which have 

little or no relationship to the number of production 
workers. 

Vo/ue Added per Produefion Worker Wan-Hour— 

Computed by dividing "production workers man-hours" 

into "value added." fmce there are fewer factors In 

"value added" than in "value of shipments" that are 

unrelated to the man-hours of production workers, this 

measure permits comparisons among industries, areas, 
and establishments. 

Wages per Production Worker Man-hour-Computed 

by dividing "man-hours" into "wages." The resulting 

dollar figure is a rough measure of average hourly 

earnings. It is not a measure of the wage rate since 

"wages" includes premium payments for overtime as 

well as vacation and sick leave pay, bonuses, etc. 

Annual Man-hours per Production Workers-Com- 

puted by dividing "prodi-ction workers" into "man- 
hours." 

Indexes of Employment, Value Added, and Shipments 

-Computed on 1967 base to show annual movement 

of these basic indicators of industry growth. 

Tables 2 (page 1) through 5 present rankings of 

four-digit industries. Tables 2 and 3, respectively, show 

the 100 largest industries In 'erms of size of shipments 

and employment In 1969, and Tables 4 and 5, respec- 

tively, show the 100 fastest growth industries in ship- 

ments and employment between 1958 and 1969. 

The value of shipments used in Table 4 for com- 

puting growth ratios between 1958 and 1969 is not 

adjusted for changes In price or product mix. Industries 

that have experienced decreases or rapid increases in 

prices during this period may be substantially under- 

or over-stated in terms of their growth relative to other 

industries. Also, data for industries that have under- 

gone substantial changes in product mix due to tech- 

nological changes, materials substitution or similar fac- 

tors, may be somewhat distorted. 

Another factor affecting the growth ratios computed 

in Tables 4 and 5 arises from the fact that the 1969 

data are estimates based on a sample and, therefore, 

have standard errors associated with them. Thus, the 

1969 data when compared with 1958 will include some 

changes reflecting the variability due to sampling. 
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Industry Title and Description 

SIC Induitry  title and  detcrlplion 

code (S Specialiiation   ratio C Coverage   ratio)—1963 

19 See   page   xixv, 

20 FOOD  AND KINDRED  PRODUCTS 

Thit maior group Ine ludet eilobllihmenti manufacturing foodt 
and bevüraget for human comum^tion, and certain related products, 

such at manufactured ice, cKewing gum, vegetable and animal fati 

and oilt, and prepared feedt for animalt and fowlt. 

201       MEAT  PRODUCTS: 
2011 Meal   Pocking   Plcntt   (S-98;    C-fl61.—Ettablithmenti   primarily   en- 

gaged in the tloughtering, for their own account or on a con- 
tract batit for the trade, of cattle, hogt, theep. Iambi, calvet, 
hones, and other animati except tmall game, for meat to be 

told or to be uted on the same premtiet in canning and curing, 
and in making tautage, lard, and other products. Eiloblithmentt 
primarily engaged in manufacturing tauioget and meat ipecial- 

tiet from purchased meatt ore claitified in induttry 2013; and 
ettablithmenti primarily engaged in kilting, dreeing, packing, 

and canning poultry, rabbitt, and other tmall u § in indus- 

try   2015. 

Some tloughtering operations ore conducted in ettablithmenti 
which are not included in the centut of manufacturet, tuch at 
those chiefly engaged in wholetote or retail trade locker plant 
tervicei, etc. A check of the 1958 Centut of Manufacturers 
records with thote of the U.S. Department of Agriculture indi- 
cated that the census of manufacturers included about 90 percent 
of the volume of commercial livestock slaughter. A similar 

comparison of the 19< 3 census slaughter itatittics with those 
of the US DA. indic.'ei that coverage of commercial slaughter 

it about at the same Uvel. 

2013 Sautaget   and   Other  Prepared   Meat   Products   (S-94;   C-38).—Ettab- 
lithmentt primarily engaged in manufaclurir tau taget, rured 

meatt, smoked meals, canned meatt, frozen . eats, other pre- 
pared meats, and meat specialties from purchased carcattet and 

other materialt. Sausage kitchens and other prepared meat 
plants operated by packing hautet as separate ettablithmenti 
also are Included in this industry. Eslablithmentt primarily en- 
gaged in killing, dretsing, and packing poultry, rabbits, and 
other »moil gaiTio, and thote canning poultry are clcmificd in 

induttry 2015. Ettablithmenls primarily engaged in the cutting 

up and resale of purchased freth carcattet are claitified in 

trade   industries. 

Prepared meali manufactured in retail and independent wholesale 

estabiishmenti are not Included In the census of manufactures. 

2015 Poultry   and   Small   Game   Dressing   and   Packing,   Wholesale   (S-98i 
C-98).—Ettablithmenti primarily engaged In killing, dressing, 
packing, and canning poultry, rabbits, and other small game for 

their own account or on a contract basis far the trade. Thii In- 
dustry alto includet the drying, freezing, and breaking of eggt; 
but not the cleaning, oil treating, packing and grading of eggs 

which are clanlfled in wholesale trade. 

Poultry and small gome kilted and dretied at formt, hotcheriet, 
frozen food lockers and wholesale and retail establishments are 

not Included  in  manufacturing. 

202      DAIRY PRODUCTSt 
2021 Creamery Butter (S-69; C-7/).—Establiihrnentt primarily engaged in 

manufacturing   creamery   butter. 

Thir induttry combined two Induitrlei that were separate under 
the previous classification lyttetm induttry 2022, Natural Chcete, 

and Induttry 2025, Special Dairy Products. 

2022 Cheete,   Natural   and   Processed   (S-93j   C-96).—Estabiishmenti   pri- 
marily engaged In the manufacture of natural cheese (except cot* 
tage cheese), process cheese, cheese foods, and cheese spreads. 
Eitablishmentt primarily engaged in manufacturing cottage cheete 

are claitifled In  Induttry 3026. 

2023 Condensed  and  Evaporated  Milk  (S-BO;  C-Ö6).—Establishments  pri- 
marily engaged In manufacturing condensed and evaporated milk. 

and related products, Including Ice cream mix and Ice milk mix 

made for tale at tuch. 

2024 Ice Cream and Frozen Deserts (S-93| C-74).—Ettablithmenti primar- 
ily engaged In  manufacturing Ice cream and other frozen deiierts. 

2026 Fluid Milk  (S-90;  C-95).—Establishments primarily engaged in proc- 
etsing {pasteurizing, homogenizing, vitaminizing, bottling) and 
distributing fluid milk and cream, and related products. 

203      CANNING   AND   PRESERVING   FRUIT5,   VEGETABLES,   AND 
SEAFOODS: 

2031 Canned and Cured Seafoods  (S-92;  C-951.—Eitablishmentt primarily 
engaged in cooking and canning flth, ihrlmpt, oysters, clams, 
crabs, and other teafoodi; and those engaged In smoking, tail- 
ing, drying, or otherwise curing fish for the trade. Establishments 

primarily engaged In shucking and packing freth oyitert in non- 

tealed containers, or freezing and packaging freth flth are claiti- 

fied  In  Induttry  2036. 

2032 Conned Specialities (S-80; C-91).—Establishments primarily engaged 
in canning specialty products, tuch as baby foodt, "native 
foods," health foods, and toups, except seafood. Ettablithmenti 
primarily engaged in canning seafood soup are classified in In- 

dustry 2031, and those primarily engaged In quick freezing 

canned ipeclolitiet In induitry 2037. 

2033 Canned   Fruitt,   Vegelablet,   Preiervet,   Jams,  and  Jellies  (S-89;  C- 
91),—Establl'hmenti primarily engaged in canning fruits and 

vegelablet, and fruit and vegetable juices; and in manufacturing 
cattup and timllar tomatoe taucet, preiervet, jamt, and iellies. 
Ettablithmenti primarily engaged In canning seafood toupi are 
claitifled in Induitry 2031; and soups, except teafood, and baby 

foodi In Induitry 2032. 

2034 Dried  and  Dehydrated   Frulti  and  Vegetablet  {S-96;   C-891.—Etlab- 
llthmenti primarily engaged In tun drying or artiflcally dehydrat- 
ing fruitt, vegetablet. and nuts, or in manufacturing packaged 

soup mixes from dehydrated Ingredienti. Establishments primarily 
engaged in the grading and marketing of farm dried frul**, such 

as prunes and raisins, are claitifled in trade induitrlei. 

2035 Pickled   Fruits   and   Vegetablet;   Vegetable  Sauces   o..d   Seatonlngi; 
Salad Dretslngs (S-79; C-82).—Establishments primarily engaged 
In pickling and brining fruits and vegetables a'id In manufactur- 
ing salad dretiingi, vegetable rellthet. sauce«, and seasonings. 

Eslablithmentt primarily engaged In manufacturing catsup and 
timllar tomato taucet are claitifled in Induttrr 2033, and those 

packing purchased pickle« and olivet in trade IncJustrlet. 

2036 Freth  or Frozen   Packagad   Fith   (S-95;   C-94).—Ettablithmenti  pri- 
marily engaged In preparing fresh, ant raw or cooked frozen 
packaged flth and other teafood. Thit Industry alto Includes «• 
tablishments primarily engaged in the shucking and packing of 

freth oyitert In nomealed ccntalnart. 

2037 Frozen Fruits. Fruit Julcet, Vegetablet and Specialties (S-fl9; C-89). 
—Ettablithmenti primarily engaged in quick freezing and cold 
pocking [freezing) fruits, fruit fuiMt, vegetablet. and ipecialtiei. 
Excluded from thit Industry are establishments primarily engaged 
In packing fruits and vegetables for freezing but not freezing the 
product; cold storage warehouiet freezing foodt for others, frozen 
food locker and other ettablithmenti freezing for individual con- 

sumers or farms and ranches producing frozen fruitt and vegeta- 
blet. Eitobllihmentt primarily freezing meats and poultry are In- 

cluded In  Industry Group 201. Meat Produ'tt. 

204 GRAIN MILL PRODUCTS:—E,tabliIhm•n,• In *M% 8roup of ln 

durtrles frequently supplement their lanufacturing activities 

with tolei of grain and of commod t BS produced elsewhere. 
Such eitoblishmenti were classified in manufacturing If at least 
25 percent of their total receiptt were from manuafcturlng 

activities., except for Induitry 2042. Prepared Feedt for Ani- 

malt and Fowlt, where It was required that receipts from manu- 
facturing exceed receiptt from merchanditlng. Must eitabllshments 

which mixed tome feed but did not meet these criteria were 
included in the 1963 Census of Buslnen, except for some 
whose principal activity (e.g. custom milling) fell outiide the 

tcope of any of the 1963 economic centutet. 

2041 Flour and  Other  Grain  Mill   Productt  (S-94;   C-78).—Thit  Induttry 
comprliet ettablithmenti primarily engaged In milling flour or 
meal from grain, except rice (Industry 2044). The product! of 

flour mills may be told plain or In the form of prepared mixet 
for specific purposes. Ettablithmenti primarily engaged In manu- 
facturing prepared flour mixet from purchoied Ingredienti ore 

classified In Induitry 2045. 

C-2 

-mJk-^^i^.^,»^.»l(|,IMimlirj,^M„^^ -'n Thinnil'iitia.nhlfiMllimiÜMl -...„..-■..^....■1-^..^« 



C-3 

2042 

2043 

2045 

2046 

205 
2051 

Pfepored Feedi for Animali and Fowls (S-961 C-93).—Thli induilry 
compti.oi eitabliihmenti primurily engaged in manufocluring pre- 
pared feeds for animali and fowls. Prepared feeds include poul- 
try feed, liveslock feed, dog food and other pet foods (conned, 

frozen, and dryl. This indosiry also includes establishments pri- 
marily engaged in manufacturing certain feed ingredients and 
adjuncts, such as alfalfa meal, feed supplements, and feed con- 
centrates. Mills primarily engaged in custom grinc'ing of feed, or 
other agricultural services ore excluded from the census of manu- 
factures. 

Subslantiol quantities of prepared feeds are mi«ed at locations 

which ore not included in the census of manufactures, such as 
grain elevators, custom or grist mills, farm supply stores, chick 

hatcheries, commercial broiler raising establishments, and cattle- 
feeding  operations. 

Cereal Preparations |S-80; C-861.—This industry comprises establish- 
ments primarily engaged in manufacturing cereal breaklost foods 

and related preparations. Establishments primarily er gaged in 
manufacturing corn and hominy ,-rits for human consumption are 
classified  in  industry  2041. 

Rice Milling (S-IOO; C-lOu, -This industry comprises establishments 
primarily engaged in cleaning and polishing rice, and in manu- 

facturing rice flour or meal. Important products of this industry 
include brown rice, milled rice (including polished ricel, rice 
polish,   rice  bron,   and  rice  flour. 

Blended and Prepared Flour (S-78, C-62).—This industry comprises 
establishments primarily engaged in the preparation of blended 
flours and flour ml>es from purchased flour (including flour trans- 
ferred from flour mills owned by the same companyl. Important 

products of this industry include phosphated and self-rising flour 
ond prepared flour mixes such as biscuit, cake, doughnut, and 
pancake mlses. Establishments making the same products'from 
flour milled at the same location are classified in industry 2041- 

Prior to 1963, refrigerated doughs were not specifically listed on 
the report forms. The products usually were classified in either 
industry 2037, or industry 2099, depending up 
of the refrigerated dough furnished by res; 

upon   the  description 
espondent. 

Wet  Corn  Milling   (S-83,-   C-93) 
ments  primarily  engaged 

-This   industry   compi.ses   establish- 
-    ,   —«-•—   .Ting  corn  or  sorghum  grain  (milo) 

by  the  wet process,  and  producing   starch,   sirup,   ail,   sugar 
byproducts,  such as gluten  feed and  meal.   Eslablishmeits prime 

ily engaged  in  manulacluring starch  from  other vegetable sourc. 

heat,   etc.)   are  also   included.   Establishments  primarily 

>d 
ar- 

BAKERY PRODUCTS: 

Broad and Other Bakery Products, Encept Cookies nnd Crackers (S- 
98; C-99).—Establishments primarily engaged in manufacturing 

bread, cokes, ond other ■■perishable" bakery products. Estoblish- 
ments primarily engaged in producing "dry" bakery products, 

such as ilscuit, crackers, and prettols are classified in industry 
2052. Esto.ilishments producing bakery products primarily for di- 

rect sole on the premises to household consumers are classified in 
retail trade, industry 5462. Establishments manufacturing bakery 
products (ar sale primarily (or home service delivery, or through 

one or more nonbaking retail outlets, are included in industry 
2051. 

Cookies and Crackers (5-97; C-95).—Establishments primarily en- 
gaged in manu(acluring biscuit (encepf raised biscuit), crockers, 
and similar "dry" bakery products. Establishments primarily en- 
gagea in producing "perishable" bakery products are classified 
in   industry  2051. 

206 SUGAR: 

2061 Cane   Sugar,   Except   Refining   Only   (S-99;   C-100).—Establishments 
primarily engaged in manufacturing raw sugar, sirup, or finished 
(granulated or clarified) cane sugar from sugar cane. Establish- 
ments primarily engaged in refning sugar from purchased raw 
cone sirup or sugar sirups are classified in industry 2062- 

2062 dine   Sugar   Refining  (S-100;   C-100).—Establishments   primcrily   en- 
gaged in refining purchased raw cane sugar and sugar sirup, 

3063 Beet   Sugar   (S-lOO;   C-I00|.—Establishments   primarily   engaged   in 
manu(acturing  sugar  (ram  sugar  beets. 

207 CONFECTIONERY AND REIATED PRODUCTS: 
2071 Candy  ond  Other  Confectionery  Products   (S-95;   C-95).—Establish- 

2072 

2073 

208 

2082 

2083 

2085 

2086 

209 

2091 

2092 

2093 

ments primarily engaged in manufocturing candy. Including choc- 
olate candy, salted nuts, other confections and related products. 
Establishments primarily engaged In manufacturing solid choca- 
lale bars are classified In industry 2072, ond chewing gum in in- 

dustry 2073. Establishments primarily engaged In manufacturing 
confectionery far direct sale an the premises and those primarily 
engaged in shelling and roasting nuts are classified in trade in- 
dustries. 

Chocolate and Cocoa Products (S-99; C-82|.—Establishments primär- 
ily engaged in shelling, roasting, and grinding cocoa beans for 
the purpose of making ch.icolate liquor, from which cocoa pow- 

der and cocoa butter are derived, and in the further manufacture 
of solid chocolate bars ond chocolate coatings. Establishments 
primarily engaged in manufacturing products except candy from 

purchased chocolate ond cocoa are classified In industry 2099, 
and chocolate candies in Industry 2071. 

Chewing Gum (S-88, C-96).—Eslablishments primarily engaged In 
manufacturing chewing gum or chewing gum base. 

BEVERAGES: 

Malt Liquors (S-IOO; C-100)-—Establishments primarily engaged in 

manufacturing all kinds a( molt liquors- Establishments primarily 
engaged in bottling purchased malt liquors ore classified in trade 
industries. 

Malt (S-100; C-95).—Establishments primarily engaged in manufac- 
turing molt ar malt byproducts from barley or other grains. 

Wines, Brandy, and Brandy Spirits (S-98,- C-99)i,—Establishments 
prirnarily engaged in manufocturing wines, brandy, ond brandy 

spirits- This industry also includes bonded storerooms which are 
engaged In blending wines. Establishments primarily bottling pur- 
chased wines, brandy and brandy spirits, but which do not man- 
ufacture wines ond brandy are classified in trade industries. 

Distilled, Rectified, and Blended liquors (5-98; C-99).—Esloblish- 

menfs primarily engaged in manufacturing alcoholic liquors by 
dislillation and rectification, and in manufacturing cordials and 
alcoholic cocktails by blending processes, or by mixing liquors 
ond other ingredients. Establishments primarily engaged In manu- 
facturing Industrial alcohol are classified In industry 2818, and 
those only bottling purchased liquors In trade Industries. 

Bottled and Canned Soft Drinks and Carbonated Waters (S-98; C- 

'5'-—Establishments primarily engaged In manu(acturing so(t 
drinks (nonalcoholic beverages) and carbonated waters. Establish- 
ments primarily engaged in manufacturing (ruit and vegetable 
iuicos are classified in Industry 2033, (ruit sirups for flavoring in 

industry 2087, and cider in industry 2099. Establishments primar- 
ily engaged in battling natural spring waters are classifiod in 
trade industries- 

Flavoring Extracts and Flavoring Sirups, N.E.C. (S-90; C-79)- Es- 
tablishments primarily engaged in manufocturing flavoring ex- 
tracts, sirups, and fruit juices, n.e.c, for soda fountain use or 

for the manufacture of soft drinks, and colors for bakers' ond 
confectIoners■ use. Establishments primarily engaged in manufac- 
turing chocolate sirup are classified in industry 2072, ond mixed 
or blended sweetening sirup and molasses in industry 2099. 

MISCELLANEOUS    FOOD     PREPARATIONS    AND    KINDRED 
PRODUCTS: 

Cottonseed Oil Mills (S-89, C-91).—Esloblishmenls primarily en- 
gaged in manufacluring cottonseed oil, and byh'oduct cake, 
meal, and linters. Establishments primarily engaged in refining 
cottonseed oil into edible cooking oils an classified in industry 
2096. 

Soybean Oil Mills (S-89; C-95).—Estoblishmenls primarily engaged 
in manufacturing soybean oil, and byproduct coke and meal- Es- 
tablishments primarily engaged in refining soybean oil into edi- 
ble cooking alls are classified in industry 2096. 

Vegetable Oil Mills, Except Corn, Cottonseed, ond Soybean (5-84; 

C-83).—Establishments primarily engaged in manufacluring vege- 
table oils and byproduct cake ond meal, except corn, cottonseed, 
and soybean. Establishments primarily engaged In refining vege- 
table oils into edible cooking oils are classified in industry 2096, 
ond those refining these oils for medical purposes in industry 
2833. 

Animal and Marine Fats ond Oils, Including Grease and Tallow 
(S-94; C-66).—Establishments primaril, engaged In rendering in- 
edible grease and tallow from animal fat, bone, ond meat 

scrapes, or in manufacturing animal oil, n.e.c. Including fish 
oil and other marine animal oils, and byproduct meal. Estab- 

lishments   primarily   engaged   in   refining   marine  anlmol   oils  for 
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modkinal purpot«! or« clanlflod In Induilry 3833. Eitabtlih- 
mentt primarily «ngagvd in manufacturing fatly ocldi or« 
claniflsd In industry 3899. Ettabliihmentt primarily engaged in 

manufacturing lord ore cloitifled In Induitry Croup 301. 

Thti induitry combined two induilries that were laporale under 
the previoui rlnuiflcotlon lyttem; induitry 3094 and induirty 

2095. 

3095 Rooited  Coffee (5-90;  C-99).—Eitabliihmenti  primarily  engaged  in 

the manufacture of rootled and concentrated coffee. Raaited cof- 
fee may be whole bean or ground. Concentrated coffee produced 
may  be in either liquid or powdered farm. 

Thii ii a new induitry cloiiiflcotion. Previouily, roaited coffee 
woi clonifled  in  Industry  3099. 

3096 Shortening,  Table Oils,  Margarine and  Other  Edible  Fati  ond  Oitt, 
N.E.C. (S-68; C 89).—Eitobliihmenti primarily engaged in manu- 
facturing shortening, table oili, margarine, ond other edible fati 

and oils, n.e.c, by further processing of animal and vegetable 
oils. Eitoblishments primarily engaged In producing corn oil are 
classified  In   industry  3046. 

3097 Manufactured   Ice  (5-99;  C-100].—Establiihmenti   primarily  engaged 
in manufacturing ice for lale. Ice plonti operated by public util- 
ity companies are included In thii Induitry. Eitabliihments pri- 
marily engaged in manufacturing dry Ice ore classified in indus- 

try 3813, ond the harvesting and storage of natural ice for sole 
in  trade  industries. 

3098 Macaroni,  Spaghetti,  Vermicelli, ond  Noodles  (5-96;   C-94).—Estab- 
lishments primarily engaged in manufacturing dry macaroni, spa- 

ghetti, vermicelli, and noodles. Eitoblishments primarily engaged 
in manufacturing conned macaroni, spaghetti, etc., are classified 
in   industry 3033. 

3099 Food   Preparations,   N.E.C.   (S-91;   C-78).—Establishments   primarily 
engaged in manufacturing prepared foods and miscellaneous spe- 
cialties, n.e.c, such as baking powder, yeast, and other leaven- 

ing compounds; desserts (ready-to-mix); sweetening sirups and 
molasses; vinegar ond cider; chocolate ond cocoa products, ex- 
cept confectionary, mode from purchased chocolate; potato and 
corn chips, sticks, etc. (bogged or conned); and other food prep- 
arations  not elsewhere  classified. 

The definition of this induitry woi changed from the previoui 
definition. Roaited coffee woi removed from this Induitry ond ii 
now leporately defined  as  industry 3095. 
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211 
3111 

212 
3131 

213 
3131 

214 
3141 

TOBACCO MANUFACTURES 

This major group includes establishments engaged in manufac- 

turing cigarettes, cigars, imoking and chewing tobacco, ond snuff, 
and in stemming ond redrying tobacco. The manufacture of insecti- 
cides from tobacco byproducts is included in Major Group 38. 

CIGARETTES: 

Cigarettes   (S-97;   C-100j.—Establishments  primarily  engaged   in   the 
manufacture of  ctporettes. 

CIGARS: 
Cigars   {S-100;   C 100).- 

manufacture  of  cigars. 
Establishments   primarily   engaged   In   the 

22 

TOBACCO (CHEWING AND SMOKING) AND SNUFF: 
Tobacco (Chewing ant" Smoking) and Snuff (S-97;  C-67).—Eitobliih- 

menti   primarily   engiged   in   the   manufacture   of   chewing   ond 
smoking  tobacco and  muff. 

TOBACCO STEMMING AND REDRYING: 

Tobacco Stemming ond Redrying (5 100; C-100).—Establishments 
primarily engaged in the stemming and redrying of tobacco. Es- 
tablishments which sell leaf tobacco ai merchant wholesalers, 
agents, or broken, and which olio may be engaged in itemmlng 

tobacco ore not Included in this induitry. Leof tobacco ware- 
houses which may be engaged in stemming tobacco are not 
included   In   this   industry. 

TEXTILE MILL PRODUCTS 

Thit major group includes eitablithmenti engaged in perform- 
ing any of the following operations: (1) preparation of fiber ond iub- 

sequent manufacturing of yarn, thread, braidi, twine, ond cordage; 
(3) manufacturing broad woven fabric, narrow woven fabric, knit fab- 
ric, and corpeti and rugi from yarn; (3) dyeing ond flniihing fiber, 

yarn, fobri and knit apparel; (4) coating, watorprorfing, or other- 
wise treating fabric; (5) the Integrated manufacture ■■if knit apparel 
and other finished articles from yarn; and (6) the nonufacture of 

felt goodi, loce goodi, bonded-fiber fabrlct, and miicelloneoui 
textilei. 

Thit  clastiflcation  mokes  no distinction  balween  the  two   types 

of organizations which operate In the fexfll« Industry: (!) Ih» "lnt«> 

grated" mill which purchases materials, produces textiles and related 
aitlclef within the establishment, and soils the finished products; and 
(3) the "contract" or "commliilon" iilll which proceises materlall 

owned by others. Converters or oth«r non-monufacturing £Stablish- 
ments which assign materials to contract mills for processing (othor 
than knitting) are classified In non-manufacturing industries; establish- 
ments which assign yarns to outside contractors or commission knitters 
for the production of knit products are classified In Industry Group 

335. 

221 BROAD WOVEN FABRIC MILLS, COTTON: 
3311 Broad   Woven    Fabric   Mills,   Cotton   (S-93;   C-80).—Establishments 

primarily engaged in weaving fabrics over 13 inchei in width, 

wholly or chiefly of cotton. Establishments primarily engaged In 
weaving cotton carpets and rugs are classified In Industry 2271; 
thoie tufting corpeti and rugi in induitry 3373; and thoie mak- 
ing tire and cord fabric In '-i' ■'try 3396. 

In the product coding i'ivam for the 1963 Cemus of Manufac- 
tures, finished cotton fabrics and certaii cotton fabricated prod- 

ucts were classified as primary to indui y 2311 when made In 
weaving mills. Similar proJucts made In non-weaving establish- 
ments were classified as primary to the roproprlate industry; for 

example, sheets made in strictly cut-and-.ew plants were classi- 
fied as primary to industry 3393. 

222 BROAD   WOVEN    FABRIC   MILLS,   MAN-MADE   FIBER   AND 

SILK: 

3331 Brood  Woven  Fabric  Milli,  Man-Made   Fiber and  Silk   (S-86;  082). 
—Eitoblishments primarily engaged in weaving fabrics over 12 

inches In width, wholly or chiefly of silk ond man-made flben 
including g|ass. Establishtnents primarily engaged in weaving car* 

pets and rugs from these fibers ore closslfle din industry 3371; 
Ihote tufting carpels ond rugs from these fibers in industry 3373; 
and those making tire cord and fabric in industry 3296. 

In the product coding system for the 1963 Census of Manufac* 
tures, finished synthetic ond silk fabrics ond blankets were classi- 
fied as primary to industry 3331 when made in weaving mills. 

Similar products made in non-weaving establishments were classi- 
fied as primary to the appropriate industry,- for example, synthe- 

tic fabrics finished in establishments engaged only in dyeing or 
printing were classified as primary to industry 3363. 

223 BROAD   WOVEN   FABRIC  MILLS,  WOOL:   INCLUDING   DYE- 

ING AND  FINISHING: 

3231 Broad   Woven   Fabris   Mills,   Wool:   Including   Tyelng   and   Finishing 
(S-86; C 96].—Establishments primarily engaged In weaving fab- 

rics over 13 inches in width, wholly or chiefly by weight of 
wool, mohair, or similar animal fibers; those dyeing and flniih- 
ing woven wool fabrics or dyeing wool, topi, or yarn; and thai» 
thrinking and iponglng wool goodi for the trade. Establishments 

primarily engaged in weaving wool carpets and rugs are classi- 
fied in industry 3371, and (hose tufting wool carpets ond rugs In 
industry 3272. 

224 NARROW FABRICS AND OTHER SMALLWARES MILLS: 

COTTON, WOOL,  SILK, AND  MAN-MADE  FIBER: 

324) Narrow   Fabrics   and   Other   Smallwores   Mtllli   Cotton,   Wool,   Silk, 
and Man-Made Fiber {S-91; C-97),—Establishments primarily en- 
gaged in weaving or braiding fabrics 12 inches or narrower in 
width of cotton, wool, silk, ond man-mode fibers, including glass 
fibers. Eitabilshmenls primarily engaged in weaving or braiding 
fabrics 12 inches or narrower in width of fabric-covered elastic 
yarn are also included In this industry. 

225 KNITTING MILLS: 

2251 Women's   Full-Length   and   Knee Length   Hosiery,   Seamless  ond   Futl- 
Foshioned (S-96; 094)'.—f ttablishments primarily engaged In 
knitting, dyeing, or finishing women's and misses' futl-I&nyth and 
knee-length hosiery, both seamless and full-fashioned. 

This new industry definition represents a substanlloi revision from 

the classification system used in 1958. Prior to 1963, Industry 
2251 included establishments primarily engaged in production of 
full-fashioned hosiery, while industry 2252 consisted of establish- 
ments engaged primarily in the production of seamless (circular 
knit) hosiery. For 1963, the classifications for hosiery mills were 
revised to include in 3351 those mills primarily engaged In pro- 
ducing women's and misses' hosiery, except socks, ond in 3353 
mills engaged in producing all other hosiery. 

2353 Ho iery.   Except   Women'i   full-length   and   Knee-Length   Hosiery   (S- 

91; C-96}.—Establishments primarily engaged in knitting, dyeing, 
or finishing hosiery, except women's and mines' full-length 
ond knre-length seamless and full-fashioned hosiery. See de- 
finition of industry 2351, above, for revision of the SIC for this 
industry   as   of   1963. 
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Knit OuttrwMf Milli IS.93; C-97).—E.labliihm.nli primarily in- 
gaged In knitllltg outerwear (ram yarn, or In manufacturing out- 
erwear (ram knit fabric produced In the lame eitabllihment. El- 
labllihmenli primarily engaged In hand knitting outerwear far 
the trade are Included In thii Induitry. Eltablllhmenti primarily 

engaged In manufacturing woven or purchaied knit fabric glavei 
ant mlttem are claulfled In Indudry 3381, and thoie manufac- 
tu. ,ig outerwear from purchaied knit fabric  In Malor Group 33. 

Knit Underwear Mllli |S-89, C-911.—Ellobliihmenti primarily en- 
gaged In knitting underwear and nlghtwear from yarn, or In 

manufacturing underwear and nlghtwear from knit fabric pro- 
duced in the lome eitabllihment. Eltablllhmenti primarily en- 
gaged In manufacturing underwear and nlghtwear from purchaied 
knit fabric are claulfled In Major Group 33. 

Knit Fabric Mllli |S-9J; C-93).—Eltabll.nmenli primarily engaged 
In knltiing tubular or flat fabric, and In dyeing or flniihing knit 
fabric. 

Knitting Milli, N.E.C. (5-93, C-86).—Eltablllhmenti primarily en- 
gaged In knitting glavei and other articlei, n.e.c. Eltablllhmenti 
primarily engaged In cutting and lowing dreii, lemldreil, and 
work glovei and mlttem from purchaied knit fabrlci are claul- 
fled In  Induitry 2381. 

' fEING     AND     FINISHING   TEXTILES,     EXCEPT     WOOL 

^BRICS AND  KNIT GOODSr 

F niihen of Broad Woven Fabrlci of Cotton (S-Bl; C601).— 
Eilabliihmenti primarily engaged In flniihing purchaied cotton 
brood woven fabrlci, or flniihing luch fabrlci on a commliiion 
baili. Theie flniihing operallom Include bleaching, dyeing, print- 
ing (roller, icreen, flock, pllni), and other mechanical flniihing 
luch at preihrlnklng, calendering and napping. Thii induitry alia 
includei the ihrlnking and iponglng of cloth far the trade, and 

the chemical flniihing far water-repellency, flre-roilitance,' and 
mildew.proofing. Eltablllhmenti primarily engaged In flniihing 

wool brood woven Inbrici are claulfled In Induitry 2331; knit 
gaodi in Induitry Group 333; and thoie coating or Impregnating 

'- Induitry 2395. fabri 

Flniihen of Brood Woven Fabrlci of Man-Made Fiber and Silk (S- 
91; C-46') —Eitobliihmenti primarily engaged In flniihing pur- 
chaied man-made fiber and illk broad woven fabrlci or flniihing 
luch fabrlci on a commliiion bolii. Theie flniihing operotloni in- 
clude bleaching, dyeing printing (roller, icreen, flock, pllit<|; 
and other mechanical flniihing luch ai preihrlnklng, calendering, 
and napping. Eltablllhmenti primarily engaged In flniihing wool 
broad woven fabrlci are claulfled In Induitry 3231; knit gaodi 

In Induitry Group 335; and thoie coating or Impregnating fabrlci 
In Induitry 3395. 

Flniihen of Te«tllei, N.E.C. (5-89, C-«4')._Eitabllihmenl. prl. 
morlly engaged In dyeing and flniihing lextllei, n.e.c, luch oi 
bleaching, dyeing, printing, and flniihing of row itack, yarn 

braided goodi, and narrow fabrlci, encept wool. Theie establlih! 
menti perform flniihing operotloni on purchaied t»»lllM or an a 
commliiion bom. 

227      FLOOR COVERING MILLS: 

2271 Woven   Carpeti   and   Rugi   (S-77;   C-JI).—EDoblllhrntnll   prlmcrlly 
engaged ,n weaving carpeti and rugi from any textile yarn. 
Imparlu,-,' producti of thii induitry include A.mlmter, Wilton, 
velvet, cheillle, and ilmllar woven carpeti ond rugi; and 
woven  autonobile  ond  aircraft  flaor cpverlngi. 

Tufted Carpeti and Rugi (5-96; C-961.—Eilabliihmenti primorlly 
engaged in tufting carpeti ond rugi from any textile fiber. Im- 
porlont producti of thii Induitry Include tufted carpeti, rugi, 
icalter rugi, and bathmati and bothmat leti OKcept terry woven. 
Finiihen of theie producti olio are Included In thii Induitry. 

Carpeti ond Rugi, N.E.C. (S.89, C.4«)._Elloblilhn.inti primarily 
engaged in manufacturing rugi, carpeti, art iquarei, floor mot- 
tingi, door mati and mattingi from twiited paper, grauet, reedi, 
coir, ilial, lute or rogi. Eltablllhmenti primarily engaged In 
manufacturing hard-iurface floor coverlngi, encept rubber and 
cork, are ilonlfled In Induitry 3983. 

YARN AND THREAD MILLS. 

Yarn Spinning Mllli, Cotton, Man-Made Fiben, and Silk (S-9«; C- 
83).—Eltablllhmenti primarily engaged In iplnnlng yarn wholly 
or chiefly by weight of cotton, man-made fiber ttaple, or lllh 
itaple. Eltablllhmenti primarily engaged In dyeing or Unlihlng 
purchaied yarni ar flniihing yarni on a commliiion bttlll are 
claulfled In induitry 3369. 

Yarn Throwing, Twining, and Winding Mllli, Cotton, Man-Made Fi- 
ben and Silk (S-93, C-87).—Eltablllhmenti primarily engaged In 

3283 

2284 

229 
3291 

2293 

2294 

2293 

3396 

3397 

3398 

3399 

23 

Ihrowlng, Iwlit' ,g, winding, or ipoollng yarn v/holly or chiefly 

by weight of cotton, man-made flb-in, or illk. Eltablllhmenti prl. 
marlly engaged In dyeing ar flnlilng purchaied yarni ar flniih- 
ing  yarni on a commliiion  baili are claulfled  In  Induitry 3369. 

Yarn Mllli,  Wool,   Including Carpel and  Rug Yor..  (S-85;  C-83).  
Eltablllhmenti primarily engaged In ipinnlng, twliting, winding, 
or ipoollng yarn (Including carpet and rug yarn) wholly or 

chiefly by weight of wool, mohair, ar ilmllar animal fiben. 

Eltablllhmenti primarily engaged in dyeing or flniihing pur- 
choied yarn or flniihing yarn an a commliiion baili are claui. 
fled In induitry 3331, 

Thread Mllli ($-93; 0901.—Eltablllhmenti primarily en^jged In 
manufacturing thread from natural or man-made fiber except flax 
(Induitry 3399) and wool (Induitry 3383). Important producti of 
thll Induitry Include lowing, crochet, darning, embroidery, fal- 
ling, hand knitting, and other handicraft threadi. 

MISCELLANEOUS TEXTILE GOODS: 

Felt Goodi, Except Woven Felti, and Hoti (S-86; C-88).—Eitabllih. 
menti primorlly engaged In manufacturing preued felt, regarclleu 
of fiber, by meam of heat, maiiture, and preuure; and thoie 
making punched felt for rugi, cuihiom, and other producti from 
hair, jute, wool, or other fiben by the needle loom proceu. El- 
tabllihmenti primarily engaged In manufacturing woven wool 
felti ond wool haircloth are claulfled In Induilry 3331, ond 
thoie manufacturing fell hali In Induitry Croup 335. 

lace Goodi (S.98; 091).—Eilabliihmenti primarily engaged In 
manufacturing lace machine producti, ond thoie primorlly en. 
gaged In dyeing and flniihing lace goodi. Eltablllhmenti prl. 
manly engaged in manufacturing Schiffli machine embrolderlei 
are claulfledfln  induilry 3397. 

Paddlngi and Upholilery Filling (5.84; C.8I).—Eilabliihmenti prl. 
marlly engaged In manufacturing batting, padding, wadding, ond 
filling far upholilery, plllowi, qullti, and apparel from curled 
hair, cotton mill v.oite, man, hemp tow, flax law, kapok, ond 
related malerlali. Eitabllihmenli primarily engaged In manufac- 

turing wood exceliiar padi and wrappen are claulfled In indui- 
try  3439. 

Proceuod Waile and Recovered Flbert and Flock (S-95; C-86).—Ei- 
labllihmenti primarily engaged in proceulng textile mill walte 
for iplnnlng, padding, batting, ar other uiei; In recovering tex- 
tile fiben from dlpplngi and ragi; In cutting flock from waite, 
recovered fiben, or new fiber ilock; and in manufacturing aokum 
and twilled jute packing. Eltablllhmenti primarily engaged in 
cleaning and lorting wiping ragi ar waile are claulfled In nan- 
manufacturing Induitrlei. 

Attillelal leather, Oilcloth, and Other Impregnated and Coated 

Fabrlci, Except Rubberiied (S.86, C.83).—Eitabllihmenli pr|. 
morlly engaged In manufacturing coated and Impregnated le«. 

111*1, and In the ipeclal flniihing of textllei luch ai varniihlng 
ond waxing. Eltablllhmenti 'primarily engaged In rubberltlng 
purchaied fabrlci are claulfled In Induitry 3069, and theie 
primarily engaged In dyeing and flniihing textllei In Induitry 
Group   336. 

Tire Cord and Fabric (S-87, C.9!).—Thii Induilry comprliei eilab- 
llihmenti primarily engaged In manufacturing cord ond fabric for 
uie In reinforcing rubber tlrei, Induilrlal belting, fuel celli, and 
ilmllar uiei. 

Wool Scouring, Wonted Combing, and Tow to Top Mllli (S.94; C- 
69).—Thii Induitry comprliei eitabllihmenfi primarily engaged In 
proceulns Itxtlle fiben to prepare them for iplnnlng. Important 
praceuei Included In thii Induilry are wool icourlng and carbon, 
iilng, and combing and converting tap. 

Cordage ond Twin* (S.90; C.87).—'itobllihmenli primarily engaged 
In manufacturing rope, table, coiiage, twine, and related prod, 
ucti from abaca (Manila), ulal, henequeen, hemp, cotton, 
paper, jute, flax, man-made Sben Including glau, and nlher 
fiben. 

Textile Goodi, N.E.C. (S.83, 083).—Eilabllihm.nli primarily *n. 
gaged In manufacturing linen goodi, jut» goodi except fell 

bonded fiber fabrlci except felt, and other textile gaodi, n.e.c' 
Eitabllihmenli primarily engaged In manufacturing woven felli 
are claulfled In Induitry 2231, nonwoven felti In Induitry 3391, 
and cordage and twine In Induitry 3398. 

APPAREL  AND  OTHER  FINISHED   PRODUCTS  MADE  FROM 
FABRICS AND SIMILAR MATERIALS 

Thii  major group,   known  ai  the  cultlng.up or needle  trader 
includei   eltablllhmenti   primarily   producing   apparel   and   fabricated 
producti by cutting and lowing pruchoied woven or knit textile fab. 
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rirt  and  related  materialt tuch  oj  leather,   rubberized  fabrict,   p.oitlci 
and   furs. 

Covered in the apparel indusirlei are three typet of est.jbllsh- 
menti- (1) the "regylar" or tmide foclorioi; (2} contract factories; 

and (3) opporel iobben. The "regular" factoriei perform oil of the 
uiual manufacturinQ function! on materiuls owned by themsetvet 

within their own plonti; the contratt factoriei manufacture apparel, 
on o contract or commiiiion baiis, on materioli jupplied to them by 
otheri; and apparel jobben perform only entrepreneurial fonciloni 

of a manufacturing eitabliihment juch at the purchaie of raw mo- 

lerialt for their own account, the dejign and prepoiotion of lamptet, 
arrangement with outtide factoriet (contractort) for the manufacture 
of garmenti from materioli lupplied by tuch jobben, and the tale 
of   finithed   apparel. 

Cuilom lailon and dretimakert not operating on a factory 
batit are clatiified in nonmanufacturtng induttrfet. Eitablithmentt 
which primarily p* -chaie and retell finithed garmentt but do not per- 
form the functiont of apparel jobben or monufocluren are clatiified 
in the wholeiale trades. 

The major group alto includet monufaclurert of fabricated tex- 
tile productt (other than opporel) from purchated fabric!, typiaclly by 
cutting and terng or »he performance of tewing and related tervicet 
on textile and similar materials for the trade. 

MEN'S,  YOUTHS', AND  BOYS'  SUITS, COATS,  AND  OVER- 
COATS: 

Men'i Youlhi', and Boyi' Suili, Coati, and Overcoali IS-92; C-9«|. 

—Edablilhmend primafily «ngoged in manufacfuring men's, 
voufhi', end boyi' tulli, toali, and overcoali. Eilablltlimenti pri- 
marily engaged In manufacruring uniformi (military, policemen's, 
firemen's, etc.) and lailared dress and sorol coals, are also in- 
cluded in Ihis induslry. Esloblishmenls primarily engaged in man- 
ufacturing men's work and sport garments Isuch as 

lumber-jackets, ski suits, and riding garmenls) are classified in 
Industry Group 232, Men's, Youth and Boys' Furnishings, Work 
Clothing, and Allied Garments. 

MEN'S,     YOUTHS',    AND     BOYS'     FURNISHINGS,     WORK 
CLOTHING AND ALLIED GARMENTS: 

Men's. Youths', and Boys' Shlrls (Except Work Shirts), Collars, and 
Nightwear (S-85; C-BI'l.—Eslablishments primarily engaged in 
manufacturing men's, youths' and boys' shirts, collars, and 
nightwear cut and sewed from purchased woven or knit fabric. 
Establishments primarily engaged In manufacturing knit outer- 
wear sport shirts from purchased knit fabric are also classified 
in this Industry. Establishments primarily engaged in manufac- 

uring work shirts are classified in induslry 2328. Knitting mills 
primarily engaged in manufacturing nightwear are classified in 
induslry 2254, and knit outerwear sport shirts in induslry 2253. 

Men's and boys' knit nightwear madj in knitting mills it in- 
cluded   in   industry   2254. 

Men's, Youths', and Boys' Underwear (S-89; C-3I>|.—Establishments 
primarily engaged in m snufacturing men's, youths', and boys' 

underwear cut r.^d sewed from purchased woven or knit fabric. 
Knitting mills primarily engaged in manufacturing underwear ore 
classified In industry 2254. 

Men's, Youths', and Boys' Neckwear (S-98; C-98).—Establishments 
primarily engaged in manufacturing men's, youths', and boys' 
neckties, scarfs, and mufflers cut and sewed from pjrrhcsed 
woven or knit fabric. Knitting mills primarily engaged In manu- 

facturing neckties, scarfs, and mufflers ore classifieii .n Industry 
2253. 

Men's,   Youths',  and  Boys'  Separate Trousers  (S-e2;   C-78). "Ulab- 
lishments primarily engaged in manufacturing men's, youths', and 

bays' separate trousers and slacks. Establishments primarily 
engaged in manufacturing complete suits a'» classified in industry 
2311, and work pants in Industry 2328 

Work Clothing (S-81; C-90).—Eslablishments primarily engaged in 
manufacturing men's and boys' wor« shirts, pants, and other 
work clothing end washable service apparel. 

Men's,    Youths',    and    Boys'    Clothing,    N.E.C.    ($.83;    047').  
Eslablishments primarily engaged in manufacturing men's, 

youths', and boys' clothing, n.e.c. Establishments primarily en- 
gaged in manufacturing polo and sport shirts are classified In in- 
dustry 23:'1- separate trousers in induslry 2327; work clothing In 
induslry 2328; and leather and sheeplined garments in Industry 
2386. Men's and boys' knit sweaters and other knil outerwear, 

n.e.c, mode in knitting mills ore classified as primary products 
of induslry 2253, while men's and boys' knit outerwear, n.e.c, 
cut and sewed from purchased knit fabric jre included in indus- 
lry 2329. 

WOMEN'S, MISSES', AND  JUNIORS' OJTERWEAR: 

Blouses,  Waists,  and  Shirts  (S-86;   C-691«.—Establishments  primarily 
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engaged in manufacturing women's, misses', and luniori' blouses, 
wolsls, and shirts from purchased woven or knit fabrics. Estab- 
lishments making knit outerwear shirts from yarns knit in the 
same esfablishmen' are classified in  induslry 2253. 

Dresses (S.96; C.96),—Eslablishments primarily engaged in manu- 
facturing women's, misses', and juniors' dresses, including ensem- 

ble dresses, whether sold by the piece or by the dozen. Knitting 
mills primarily engaged in manufacturing women's, misses', and 
juniors' knit dresses and suits are classified in industry 2253. 

Suits, Skirts, and Coats (S-BB; C.92).-—Eslablishments primarily en- 
gaged In manufacturing women's, misses', and juniors' suits, 
skirls, and cools except fur .oats and raincoats. Establishments 
primarily engaged in manufacturing fur garmenls are classified in 
Induslry 2371, raincoats in industry 2385, and knitting mills pri- 

marily engaged in manufacturing knit outerwear in industry 
2253. 

Women's, Misses', and Juniors' Outerwear, N.E.C. (S-SO; C-SS)*. 
—Establishments primarily engaged in manufacturing women's, 
misses', and juniors' outerwear, n.e.c, cut and sewed from 

purchased woven o- knit fabric Knitting mills primarily engaged 
in manufacturing outerwear knit sweaters and other knit outer- 
wear, n.e.c, are classified in  industry 2253. 

WOMEN'S,   MISSES',   CHILDREN'S, 
GARMENTS, UNDERGARMENTS: 

AND   INFANTS'   OUTER- 

Women's Misses', Children's, and Infants' Underwear and Night- 
wear {S-93; C-flS*).—Eslablishments primarily engaged in man- 

ufacturing women's, misses', children's, and Infants' underwear 
and nightwear cut and sewed from purchased woven or knit 
fabric. Knitting mills primarily engaged in manufacturing under- 
wear   and   nightwear  are   classified   in   industry   2254. 

Corsets and Allied Garments (5-95; 097).—Establishmonls primarily 
engaged in manufacturing corsets, orset accessories, and allied 
garments. Eslablishments primarily engaged in monufacturing 

surgical and orthopedic appliances ore classified in Industry 
3842,   and   in   manufacturing   garter   bells,   in   industry  2398. 

HATS, CAPS, AND MILLINERY: 

Millinery  (S.100; C100).—Establishments primarily engaged  in  man- 
ufacturing   women's/ misses',   children's,   and   infants'   millinery. 

Establishments    primarily    engaged     in    manufacturing    millinery 
brrid and trimmings are classified in Industry 2396. 

Ha's and Caps, Except Millinery (S-98; C-98).—Estoblithments pri- 
marily engaged in manulacturing hols, caps (except millinery) 
and all hat bodies. Knitting mills primarily engaged in manufac- 
turing cops are classified in industry 2253. 

GIRLS', CHILDREN'S, AND INFANTS' OUTERWEAR; 

Dresses, Blouses, Waists, and Shirts (S-90; C-82').—Establishments 
primarily engaged in manufacturing girls', children's, and in- 
fants' dresses, blouses, waists, and shirts, cut and sowed from 

purchased woven or knit fabric Knitting mills primarily engaged 
in manufocluring outerwear of this type ore classified in industry 
2253. 

Coats and Suits ($-92; C-85).—Establishments primarily engaged in 
manufacturing girls', children's, and infants' coals and suits, cut 
and sewed from purchased woven or knil fabric. Knitting mills 
primarily engaged in manufacturing outerwear of this type are 
classified in induslry 2253. 

Girls',   Children's   and   Infants'   Outerwear,   N.E.C.   IS-79;   C-67').  
Establishments primarily engaged in manufacturing girls', chil- 
dren's, and infants' outerwear, n.e.c, cut and sewed from pur- 
chased woven or knit fabric. Knitting mills primarily engaged in 
manufacturing sweaters and other outerwear, n.e.c, are classi- 
fied in industry 2253. 

FUR GOODS: 

Fur Goods ($.99; C-100).—Establishments primarily engaged In 
manufacturing fur coals, and other garmeni.. accessories, and 
trimmings made of fur. Establishments primani/ engaged in 

manufacturing sheeplined clothing are classified in induslry 
2386, and those engaged in dyeing and dressing of furs in 
industry  3992. 

238      MISCELLANEOUS APPAREL AND  ACCESSORIES: 

2381 Dress and Work Gloves,  Except  Knit and All   Leather (S-94;  C-82'). 
—Establishments primarily engaged in manufacturing dress, semi- 
dress, and work gloves and mittens, cut and sewed from pur- 

chased woven or knit fobric, or these materials combined with 
leather. Knitting mills primarily engaged in manufacturing gloves 

and   mittens   are   classified   In   industry   2259;   eitablishments   pri- 
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morily engaged In monufacturirg leather gloves In industry 3151; 
and Ihoie manufacturing rubber glove* in Induttry 3069. 

2384 Rabet   and  Dresilng  Gowns  (S-96;   C-94).—Eitablijhmunti   primarily 
nngaged in manufacturing men'i and women's robet and dreis- 
Ing    gowns. 

2385 Raincoats and Other Waterproof Outer Garments (S-92;   C-93). £i- 
tablishments primarily engaged in manufacturing raincaalt from 

purchased rubberized fabrics and other wolerproaf outergarments 
made from such material as pliofilm and cellophane. Establish- 
ments primarily engaged in manufacturing oiled fabric vork gar- 

ments are classified in industry 2328, and those mciufocturing 
vulcaniied rubber garments and garments made ffor. rubberized 

fabrics produced in the same establishments ar classified in In- 
dustry 3069. 

2386 Leather  and  Sheeplined  Clothing   (S-97;  C-83).—Establishments   pri- 

marily engaged in manufacturing leather and sheeplined gar- 
ments. Establishments primarily engaged in manufacturing leather 
gloves and mittens are classified in industry 3151, and fur 
garments in industry 2371. 

2387 Apparel   Belts   |S-91;   C-94).—Establishments   primarily   engaged   in 

manufacturing men's and women's apparel belts, regardless of 
material. 

2389 Apparel   and  Accessories,   N.E.C.   (5-93;   C-82|.—Eslabl shments  pri- 

morily engaged in manufacturing suspenders, garters, handker- 
chiefs, and other apparel, n.e.c, such as academic caps and 
gawns, vestments, and theatrical costumes. 

239      MISCEUANEOUS FABRICATED TEXTILE PRODUCTS, N.E.C.:— 
These esloblishments are engaged in the manufacture of fabricated 

textile products (other than apparel) from purcased fabrics. Tex- 
tile mills producing fabricated textile products from material 
woven at the same establishment are classified in *he appropriate 
weaving industry (Major Group 22). However, establishments that 
finish fabrics (bleach, dye, or print) and then further fabricate 
the fabrics into end products such as sheets are included in the 
appropriate 239 industry. 

2391 Curtains  anj   Draperies   (S-96;   C-95).—Establishments   primarily  en- 
gaged 'n manufacturing curtains and draperies from purchased 
materials. 

2392 Housefurnishings,    Except   Curtains    and    Draperies    (S-88;    C-50|.— 
Establishments primarily engaged in manufacturing housefurnlsh- 

ings from purchased materials. Establishments primarily en- 
gaged In manufacturing curtains and draperies are classified in 
industry 2391. Establishments primarily producing housefurnlsh- 

ings from fabrics woven at the same establishment are classified 
In   the   appropriate   weaving   indyslry,   generally   industry   2211. 

2393 Textile   Bags   (S-88;   C-85).—Establ shments   primarily   engaged    In 
manufacturing cotton, burlap, and other textile bags from pur- 
chased fabric. Establishments primarily engged in manufacturing 
plastic bags ate classified In industry 2643, 

2394 Canvas and  Related  Products  (S-92;  C-91).—Establishments  primari- 
ly engaged in manufacturing awnings, tents, and other canvas 
products from purchased canvas. Establishments primarily engaged 
in  manufacturing canvas bags are classified in industry 2393. 

2395 Pleating,   Decorative   and   Novelty   Stitching,   and   Tucking    for   the 

Trade (S-97; C-98).—Establishments primarily engaged in 
pleating, decorative and novelty stitching, and tucking for the 
trade. Establishments primarily engaged in performing similar 

services for individuals are classified in service industries. Es- 
tablishments primarily engaged In manufacturing trimmings are 
classified  In  industry  2396. 

2396 Automotive   Trimmings,   Apparel   Findings,   and   Related   Products   (S- 
98; C-97).—Establishments primarily engaged in manufacturing 
automobile trimmings, apparel findings, and related products. 

2397 Schiffli  Machine  Embroideries (S-96;  C-99).—Establishments  primari- 
ly engaged in manufacturing Schiffli machine embroideries. 

2399 Fabricated   Textile   Products,   N.E.C.   (S-86;   C-75).—Establishments 

primarily engaged in manufacturing fabricated textile products, 
n.e.c. 

24 LUMBER AND WOOD  PRODUCTS, EXCEPT  FURNITURE 
This major group Includes logging camps engaged in cuffing 

timber and pulpwood; merchan" sawmills, lath mills, shingle mills, 
cooperage stock mills, planing Ms, and plywood mills and veneer 
mills engaged in producing luml" jnd wood basic materials; and es- 

tablishments engaged in manufac; Ting finished articles made entirely 
or mainly of wood or wood subslllules. Certain types of establish- 
ments   producing   wood   products   are   classified   elsewhere.    Far   exam- 

pie, furniture, and office and store fixtures are classified (n Major 
Group 25; pianos, musical instruments, toys and playground equip- 
ment, and caskets and coffins In Major Group 39. Woodworking in 

connection with construction, in the nature of reconditioning and re- 

pair, or performed to individual order, Is classified in nonmonufactu- 
ring  industries. 

241 LOGGING CAMPS AND  LOGGING CONTRACTORS: 
2411 Logging   Camps   and   Logging   Contractors   (S-99;   C-90).—Establish- 

ments primarily engaged in cutting timber and in producing 
rough, round, hewn, or riven primary forest or wood raw mate- 

rials. Independent contractors engaged In estimating or trucking 
timber but who peiform no cutting operations are classified in 
nonmanufacturing Industries. Lagging and woods operations con- 
ducted In combination with lawmllls, pulp mills, or other conver- 

ting establishments, and not separately reported, are classified In 
their respective Industry groups; namely, with sawmills in indus- 
try Group 242, veneei and plywood mills In Industry Group 243, 
pulp mills in Major Group 36, and charcoal and wood dlstl'ia- 
tion plants in Industry Group 386. Establishments prlrnari',, en* 
gaged in the collection of bark, sap, gum, and othf. forest 
byproducts   ore   classified   In   nonmanufacturing   industries. 

242 SAWMILLS AND PLANING MILLS: 
2421 Sawmills and Planing Mills, General (S-89j C-95|.—Eslobllshmenfi 

primarily engaged in sawing rough lumber and limber from logs 
and bolts, or re-sawing cants and flitches Into lumber, including 
box lumber and softwood cut stock; planing mills combined with 
sawmills; and separately operated planing mills which are en- 
gaged primarily in producing surfaced lumber and standard work- 

ings or patterns of lumber. This Industry includes establishments 
primarily engaged in sawing lath and railroad ties, and in pro- 

ducing tobdtco hogshead stock and snow fence lath. Establish* 
ments primarily engaged In manufacturing box shook or boxes 
are classified In Industry Group .''44; and sash, doors, wood 
molding, window and door frames, and other fabricated mlllwork 
In Industry 2431; and hardwood dimension and ftoerlCft In In« 
duitry 3426. Logging canps combined with sawmllis, v/hen not 
separately reported, are included in this Industry. 

2426 Hardwood   Dimension   and   Flooring   Mills   (S-86;   C-86).—Establish- 
ments primarily engaged In manufclurlng hardwood dimension 
lumber and workings therefrom; and other hardwood dimension, 
semifabrlcated or ready foi assembly; and hardwood flooring. Es- 
tablishments primarily engaged In manufacturing slalrwork, mold- 
ing, and trim are classiflc<1 In industry 2431, and those manu- 
facturing textile machinery bobbins, picker sticks, and shuttles in 
Industry 3552. 

2429 Special Product Sawmills, N.E.C. (5-98; C-49').—Establishments 
primarily engaged in manufacturing wood chips, excelsior, wood 
shingles, and cooperage stock, and in sawing special products, 
n.e.c. 

243 MILLWORK,    VENEER,    PLYWOOD     AND     PREFABRICATED 
STRUCTURAL WOOD  PRODUCTS: 

2431 Mlllwork  Plants  (S-95;   C-93).—Establishments primarily engaged  In 
manufacturing fabricated mlllwork. Planing mills primarily on- 
gaged in producing millwoik are included In this industry but 
planing mills primarily producing standard workings or patterns 
of lumber are classified In Industry 3421. 

2432 Veneer and   Plywood  Plants   (S-92;   C-94).—Establishments  primarily 
engaged In producing commercial veneer, either face or techni- 
cal, and those primarily engaged In manufacturing commercial 
plywood, including nonwood backed ar face veneer and nonwood 

faced plywood, from veneer produced In the same establishment 
ar from purchased veneer. Establishments primarily engaged In 
manufacturing preflnished plywood from purchased plywood are 
also classified In this industry. Establishments primarily engaged 
in the production of veneer which I. used In the same establish- 

ment for the manufacture of end products such as fruit and veg- 
etable baskets are classified in industry 3443, and wood boxes in 
industries 3441  and 3442. 

2433 Prefabricated   Wooden   Buildings   anH   Structural   Members   (S-98;   C- 

96).—Eslabllshitients primarily engaged in manufaetur ng 
prefabricated wooden buildings, sections, and panels; or in pro- 
ducing laminated or fabricated trusses, arches, and other struc- 
tural members of lumber. Prefabricatlon on the site of con- 
struction is not Included in this Industry. 

244 WOODEN CONTAINERS: 
3441 Nailed    and     lock     Corner     Wooden     Boxes    and    Shook     (S-85j 

C-83).—Establishments primarily engaged in manufacturing nailed 
and lock corner wooden boxes, and which also may produce 
shook for nailed and lock corner boxe . 
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3443 

2445 

249 
2491 

2499 

3442        Wirobound Boxei ond Crolti (S-92) C-93|.—EitobHihmand primari- 

ly engaged in manufacturing wirebound boiei ond cratei. 

Veneer and Plywood Conlalnen eicept Boxei and Cralei (S-90; C- 

79).—Ettobllfhmenti primarily engaged in manufacturing veneer 
and plywood conlainert, except boxei. This induttry include! 
baikeli made primarily of veneer and iptint for ihipping ond 
marketing fruits and vegetable*. 

Cooprage |S-97; C-99).—Eila'itiihmenti primarily engaged in manu- 

facturing barrelt, tubi, hogiheadi, and other container! made of 
!tave!, except fruit and vegetable baikefi (Induttry 3443). Eitab- 
lishmenti primarily engaged in manufacturing tobacco hog!head 
!tocl( are doiilfied in indu!lry 3431, and those manufacturing 
cooperage itock In Industry 2439. 

MISCELLANEOUS WOOD PRODUCTS: 
Wood Pro!eiving (5-98; C-97).—Establishments primarily engaged 

In treating wood, sawed or planed In other eitablithments, 
with creosote or other prejervotives to prevent decay and to 

protect against fire and insect!. This Industry also Include! the 
cutting, treating, and selling of poles, poits, and piling, but 

establishments primarily engaged In manufacturing other wood 

products, which Ihoy may also treat with preservatives, ore not 
included. 

Wood Products, N.E.C. (S-93, C-87).—Establishment« primarily 
engaged in turning and shaping wood, and manufacturing miscel- 

laneous wood product!, n.e.c, such as lasts and related prod- 
ucts, cork products, mirror and picture frame!, particle board, 
hard presied wood fiberboard ond fabricated hardboard products. 

The composition of this industry has been slightly changed for 
J963, due to the t ansfer of hard presied wood fiberboard {hard- 
board) and fabrlcoted hardboard products to this induitry. Prior 
to 1963, establiihments primarily engaged in manufacturing 
hardboard were clanifled In industry 2661, and those primarily 
producing fabricated hardboard products were claülfied in indus- 
try 3649. 

25 FURNITURE AND fIXT'JÄES 

This major group includes establishment! engaged in manufactur- 
ing household, office, public building, ond restaurant furniture; ond 

office and store fixtures. Establiitimenls primarily engaged in the pro- 
duction of millwork are clotsified In industry 2431, and wood-working 

to individual order or In the nature of reconditioning and repair In 
nonmanufacturinp  tnduitries. 

251       HOUSEHOLD  FURNITURE:— 

Establishments   primarily   engaged   in   making   furniture   to 

individual   household   consumers  or  primarily  engaged   Ir 
ing    furniture   or   mattreises   are   classified    in   nonmanu 
Industrie!.     Esfobl iitimentj    primarily   engaged    in    makin 

lure  paris   (except  wood  frame!  or  headboards)  are  r it 
in   this  group   of   industries   but  ore  generally  clossifiet 
Group    24,    Lumber   ond   Wood   Products   or   Major   G 
Fabricated   Metal   Products.   For   example,   furniture   tun 
included    In    industry   2499,   and   furniture   hardware, 
casters are included in  Industry 3429. 

2511 Wood   Household   Furniture,   Except   Upholstered   (S-94;   C-96). El- 
tablishments primarily engaged In manufacturing wood household 

furniture commonly used in dwellings. Thii industry also include! 
the manufacture of wood kitchen cabinets an a factory basis, 

and camp furniture. Establishment! primarily engaged In manu- 
facturing upholstered furniture or wood frames for upholstered 
furniture are classified in industry 2513, and reed and rattan fur- 
niture in Industry 2519. Plants primarily engaged In renovating 

or refinishlng furniture ore claisified in trode Industries and 
plants selling household furniture to household consumers through 
a retail store an the monufaclurlng premises are included in re- 
tail trade. 

2512 Wood   Household   Furniture,   Upholstered   (S-93;   C-93).—Establish- 
menlt primarily engaged in manufacturing upholstered furniture 

on wood frames or wood frames for upholstered furniture. Shops 
primarily engaged in reupholsterlng furniture, or upholsming 

framei to Individual order are classified in nonmanufarturint In- 
dustries. Establishments primarily enoged in manufacturing dual 

purpose sleep furniture, such as studio couches, conveitiblo 
sofas, jackkniffe sofa beds, and chair-beds, are classified In 
industry   2515   regardless   of   the   materials   used   in   the   frame. 

3514 Metal   Household   Furniture   (5-88;   C-89).—Establishments   primarily 
engaged in manufacturing metal household furniture of a type 
commonly used in dwellings, whether padded, upholstered, or 
plain. Establishments primarily engaged in manufacturing dual 
purpose furniture, such as studio couches, sofa beds, ond chair- 

beds ore classified in industry 2515, regardless of the material! 
used in the frame. 
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3515 Motlresies and Bedsprlngi (5-90; C-901.—Eitobliihments primarily 
engaged in manufacturing Innersprlng moltreisei, baxsprlng mat- 
tresses, and non-innerspring mattresses containing felt, foam rub- 

ber, or any other filling material; and assembled wire springs 
(fabric, coil, or box) for. use on beds, couches, and cots. Thii 

industry also Includes establishments primarily engagod In manu- 
facturing dual purposn sleep furniture, sucf at studio couches, 

sofa beds, and chair-beds, regardless of the material used In the 
frame Establishments primarily engaged In manufacturing auto- 
mobile seats and bocks are classified in industry 2531; Individual 
wire springs In induttry 3481; and paddings and uphr'Mory fill- 

ing in industry 3393. Establishments primarily engaged in re- 
pair, renovating, etc., mattresses and bedsprlngi are claisified 
in  lervlce  Industrial. 

3519 Household Furniture, N.E.C. (S-84; C-51).—Establishments primarily 
engaged in manufacturing reed, rattan, and other wicker furni- 
ture, ond other household furniture, n.e.c. 

252 OFFICE FURNITURE: 

2521 Wood  Office  Furniture  (S.90;   C-87).—Establiihmenti  prln.arlly en- 

gaged In manufacturing woud office furniture, whether padded, 
upholstered or plain. 

2522 Mital   Office   Furniture   (S-87;   C-89).—Establishments   primarily  en- 
gaged in manufacturing metal office furniture, whether padded or 
plain. Establishments primarily engaged in manufacturing safes 
ond vaults are classified in Industry 3492. 

253 PUBLIC BUILDING AND RELATED FURNITURE: 
2531 Public    Building    and    Related    Furniture   (5-85;    C85).—Eitablith- 

ments primarily engaged In manufacturing furniture for schools, 

the-jters, assembly halls, churches, and libraries. Establishments 
pr.marily engaged in manufacturing sents for public convey- 
jncei, ai well oi teati for automobile! and aircraft, are in- 
eluded in thii induttry. Establishments primarily engaged In 
ma. ufacturing stone furniture are classified in industry 3281, 
ond ^•irr'-'j .uriT'ure  in  industry 3372. 

254 PARTITIONS,   SHELVING,    LOCKERS,    AND    OFFICE    AND 
STORE FIXTURES: 

2541 Wood   Partltiom,   Shelving,   lockers,   and   Office   and   Store   Flxturei 
(S-94; C-89).—Ettablishmen's primarily engaaeH '•- manufacturing 

wood shelving, lockers, office and storj fixtures, and prefabri- 
cated   partitions,   and   repated   fabricate d   products. 

3542 Metal   Partition!,   Shelving,   Lockers,   and   Office   and   Store   Fixtures 
(S-83; C-83).—Establithmentt primarily engaged in manufactur- 
ing metal shelving, lackers, office awj store fixtures, prefabri- 
cated   partition!,   and   related   fabricated   product!. 

259      MISCELLANEOUS  FURNITURE AND  FIXTURES, N.E.C: 
259! Venetian  Blinds and  Shadei  (S-a9;   C-90).—Ettabllshmentt  primarily 

engaged In manufacturing Venetian blinds, regardleti of the ma- 
terials used, and shades except canvas shades and awnings, 
which are classified in industry 3394. 

3599 Furniture   and   Flxturei,   N.E.C.   (S-86;   C-70).—Establishments   pri- 
marily engaged In manufacturing furniture ond fixtures, n.e.c, 
including furniture especially designed for use In restaurants. 

26 PAPER AND ALLIED PRODUCTS 

This major group include! the manufacture of pulp! from wood 
ard other celluloie fibers, and rags; the manufacture of paper and 
paperboard; and the manufacture of paper ond paperboard into con- 
verted products such as paper coated off the paper machine, paper 

bags, paper boxes, and envelopes. Certain types of converted paper 
products are classified elsewhere, luch oi abrasive paper in industry 
3391; carbon paper in industry 3955, and photosensitized and blue- 
print  paper  in   induilry  3861. 

261       PULP MILLS: 

2611 Pulp    Mills    ($-88;    C-7I).—Eitablithments    primarily    engaged    In 
manufacturing pulp from wood or from other materials such as 
rags, Unters, wastepaper, and itraw. Logging campt operated by 
pulp millt, and not separately reported, are also included in 

thii induitry. Eitabliihrnenti primarily engaged in cutting pulp- 
wood are classified In industry 3411; and pulp mills combined 
with paper mills or paperboard mills, and not separately re- 

ported, are clossired with (he latter In Industries 2631 and 2631, 
respectively. 

In both (he 1963 and 1958 Censuses of Manufactures, pulp mills 
operated in conjunction with a paper ond board mill at the same 
location were permitted to file a combined report for such Inte- 
grated operations. However, in 1954 all pulp mill activity was 
separately reported whether or not such pulp mill operation! 

were   conducted   at   the   same   physical   location   as   on   associated 
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papsr or board m!M. Thii changs In Ireolment hai ihe effect of 
rejtricting the reporling of a "pulp mill*' for claiiificarion in in- 

duitry 2611 in both the 1963 and 1958 cemuiet to the 
following lituationi: (a) thoie pulp milli which are not affiliated 

with any paper and board milti and ihtp all their product! to 
the market; (b) putp milli affiliated or associated with a primary 
paper or board mill but which are teparatety located from Ihe 
pulp mill; and (c) a few pulp millt affiliated or aitoclated with 
a primary paper or board mill at Ihe tome physical 'ocollon, 

whore separate departmental records of employment, m ilerlals, 
and fuel costs, shipments, etc., are maintained for the pi lp mill 
from those covering the paper or board mill at that locatk i and 
the company elected to file such a separate report. 

262 PAPER MltLS. EXCEPT BUILDING PAPER MILLS: 

2621 Paper  Milli,   Except   Building   Paper  Mills   (S-90;   C-92).—Establish- 
monls primarily engaged in manufacturing paper (except building 
paper—industry 26611 from wood pulp and other fibers, and 

which may also manufacture converted paper products {confined 
almost exclusively to off-machine paper coating). Pulp mills com- 
bined with paper mills, and not separolely reported, are also in- 
cluded in this Industry; where separately reported, they are clas- 
sified in industry 2611. Establishmenls primarily engaged in 
manufacturing converted paper products from purchased paper 
stock are classified in Industry Group 264 or 265. 

263 PAPERBOARD MILLS: 

2631 Paperboard   Mills   (S-85;   C-90).—Establishments   primarily   engaged 
in manufacturing paperboard, including paperboord coated on the 

paperboard machine, from wood pulp and other fibers; and 
which may also manufacture converted paperboord prdoucts (con- 
fined olmosl exclusively to pasted, lined, laminated or surface- 
coated paperboard). Pulp mills combined with paperboord mills, 

and not separately reported, ore also included in this industry; 
where separately reported, they are classified In Industry 2611. 
Establishment! primarily engaged In manufacturing converted pa- 
perboard producti from purchased paperboard or- classified in 
Industry Group 264 or 265. 

264 CONVERTED   PAPER  AND  PAPERBOARD   PRODUCTS,  EXCEPT 
CONTAINERS AND BOXES: 

2641 Paper  Cooling   and  Glaring  |S-82;   C-78).—Establishments  primarily 
engged in manufacturing coaled, glazed, or varnished paper from 
purchased paper. Establishments primarily engaged In coating 
paper on the paper machine are classified in industry 2621; 
those manufacturing carbon paper In Industry 3955; and photo- 
graphic and blueprint paper in industry 3861. 

Principal products of this industry Include: off-machine coated 

paper; oiled, waxed, and wax-laminated paper and wrappers; 
pressure lensltiva tape; gummed products; and other coated and 
Processed paper. 

2642 Envelopes  (S-94;  C-96).—Esloblishments  primorlly engaged  in  man- 

ufacturing envelopes of any description from purchased paper and 
paperboard. Establishments primarily engaged In manufacturing 
popeterles [boxed stationery) are ctanlfled In in Industry 2649. 

2643 Bogi,   Except   Textile   Bogs   (S-86;   C-88).—Estobllihments   primarily 
engaged In manufacturing bags from purchased paper, cello- 
phane, acetate, polyethylene, pliofilm, foil, and similar sheet or 
film material«. 

2644 Wallpaper  (S-97;   C-99).—Eitabllshments  primarily  engaged  in  de- 
signing, printing, and embossing paper for Interior walls, and 
ceiling«. Establishments primarily engaged in manufacturing wall 
cloth from textile fabric« ore classified In industry 2295. 

7645 Die Cut Paper and Paperboard and Cardboard (5-88; C-82).—Es- 
tablishments primarily engaged In die cutting purchased paper 
and paperboard, and in manufacturing cardboard by laminating, 
lining, or surface coating paperboard. 

2646 Pressed and Molded  Pulp Goods (S-99;  C-96}.—Establishmenl« pri- 
marily engaged in manufctturing all kind« of pressed and molded 
pulp goods, including papier-mache article« other than «tatuary 
and art good«, 

2647 Sanitary  Paper  Product« (5-93;  C-97).—Establishmenls primarily en- 
gaged In manufacturing sanitary health products from purchased 
paper and paperboard. The principal products of this industry are 
sanitary napkin« and tampon«; facial tissue«; table napkins, toilet 
paper, towel« and wipe«. Thlt industry was not separately Identi- 
fied far 1958 In the SIC but was Included in industry 2649. 
Comparable data for 1963 using the previous industry classifica- 
tion far industry 2649 an- shown In table« 1 and 2 of the chap- 
ter for that industry. 

2649        Converted  Paper and  Paperboard  Product«,   N.E.C.   (S-84;   C-78|.  
Eifablishment«      primarily     engaged      in      manufacturing      from 

purchased paper or paperboord, mlscellüneout converted paper 
or paperboard products,  n.e.c. 

The principal proaucts of this Industry are: stationery, tablet« 
and related produus; wrapping products such as gift wrap and 
creped wadding; patterns, business machine supplies, tile ' and 
lomlnated waltboard, unprinted lags and other miscellaneous pa- 
per and board products. 

Sanitary paper products were transferred from this Industry and 
cslablished as a separate Industry (2647) for 1963. 

265       PAPERBOARD CONTAINERS AND  BOXES:-— 

There Is a high degree of integration between industry 2631, and 
the various board converting industries, except Indus tries 3652 
and 2655, which rely principally on market purchases of paper- 
board. .In Industries 2651, 2653, and 2654, a «ubttanllal part of 
the converted paperboard is manufactured and converted by the 
same company, either at the same location or at separate loca- 
tions. 

2651 Folding   Paperboord   Boxes   'S-85;   C-88).—Eilablljhment«   primarily 
engaged in manufacturliig folding paperboard boxet from pur- 
chased paperboard. 

2652 Set-Up   Paperboard   Boxes   (S-91;   C-87).—Establishments   primarily 
engaged in manufacturing set-up paperboard boxes from pur- 
chased paperboard. 

2653 Corrugated   and   Solid   Fiber   Boxes   (S-97;    C-96).—Eslobilshment« 

primarily engaged In manufacturing corrugated and solid fiber 
boxes and related products from purchased paperboard of fiber 
stock. Important products of this industry Include corrugated and 
solid flberboard boxes, pads, partitions, display Item«, pallet«, 
single face prnducls, and corrugated sheet«. 

2654 Sanitary   Food   Containers   (S-92;    C-92).—Establishments   primarily 
engaged In manufacturing food containers from «pedal food 

board. Important products of this industry Include fluid milk con- 
tainers; folding paraffined cartons for butler, margarine, and 
shortening; Ice cream containers; frozen food containers; liquid 
tight containers; round nested food containers; paper cups for hot 
or cold drinks; and pail« for food and Ice cream. 

Fiber Can«,  Tube«,   Drum«,  and  Similar  Troduct«  (S-95; C-80).—E«- 
tabllshmenlt    primarily    engaged    in    manufacturing fiber    cans, 
cones, drums, and similar products with or without metal ends, 
from purchased material«; and vulcanized fiber boxet. 

BUILDING PAPER AND BUILDING BOARD MILLS: 
Building Paper and Building Board Mill« (S-97; C-88).—Establish- 

ment« primarily engaged In manufacturing building paper and 
building board, excrpt hard pressed wood fiberbaard, from wood 
pulp and other flbiou« materials. Mills producing hard pre««ed 
wood fiberbaard arc cta«ilfted In industry 2499, In addition, in- 
sulation board mil'« which perform coating otwratlon« at their 
primary mill lociion« are classified In Industry 2952, Pulp mill« 
combined with building paper and building board mills, and not 
separately reported, are also Included In this lndu«trY; where 
separately reported, they are clasttfied in Industry 3611. As 
noted previouily In connection with indu«try 2611, same phy«- 
leal location at paper or boara were not required In either 

the 1963 or the 1958 Census of Manufacture« to submit to 
separate report for the pulp mill operation«. Thii reporting re- 
quirement had less effect on the general statistic« of mills pri- 
marily engaged in producing building paper and beard than on 
those   producing   paperboord   and   paper,   except   building   paper. 

27 PRINTING, PUBLISHING, AND ALLIED  INDUSTRIES 

This major group Includes establishments engaged In printing 
by one or more of the common processes, such as letterpress, lithog- 
raphy, gravure, or screen; and those establishments which perform 
service« for the printing trade, such a« bookbinding, type«ettlng, en- 
graving, photoengraving, and electrotyplhg. Thl« major group alia in- 
cludes establishments engaged in publishing newspaper«, book«, and 
periodicals, whether or not they do their own printing. New« syndi- 
cates are classified in service Induilrles, and textile printing and fin- 
ishing in Major Group 32. 

271       NEWSPAPERS: PUBLISHING, PUBLISHING AND  PRINTING: 
2711 Newjpaper«:  Publishing, Publishing and Printing  (5-96;  C-100).—Ei- 

tabllshments primarily engaged In publishing newspaper«, or In 
publishing and printing newspaper«. These e«tabllshmenti carry 
on the various operations necessary for Issuing newspapers, In- 
cluding the gathering of news, and Ihe preparation of editorials 
and advertisements, but may or may not perform Ihelr own print- 
ing. Commercial printing I« frequently carried an by e«tabllsh- 
ments engaged In publishing and printing newspapers, but even 
though the commercial printing may be of major importance such 
establishmenl« are Included in this industry. 

2655 

266 
2661 
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Ettablithmflnlf not engaged in publnhlng newtpapen, but which 
print or lithcjraph newtpapen for publithen, are clotiified In in- 
duitrv 2751 or industry 2752. Newi tyndicatei are clanifled in 
tervice Indurrles. Ettabliihmenti primarily engaged in pubtithing 
shopping nev.t ore clanified in  industry 2741. 

Publications have been classified as periodicals (induitry 2721) 
rather than as newspapers if their news and editorial presenta- 

tions are not typically d'recled to the public at large. Where the 
news is of general interest publications are considered periodicals 
if they ore not the primary printed source of such newt. Among 
the types of publications sometimes considered newspapers, but 
treated in the census as periodicals, are the following: trade 
journals; house organs, local church or school papers .and like 
publications with very limited or tpeclaliied newt treatment. 
Generally, publications itsued by nonprofit organizaliont (educa- 
tional, religious, charitable, tabor, business, profestionat, etc.) 
ite classified as periodicals, as are magazine and comic tupple- 

enti for Sunday newspapers. 

272 PERIODICALS:   PUBLISHING,   PUBLISHING   AND   PRINTING: 
2721 Periodicals:   Publishing,   Publishing   and   Printing   (S-69;   C 96).—Et- 

tablithments primarily engaged in publishing periodicals, or in 
preparing, publishing, and printing periodicals. These establish- 
ments carry on the various operations necessary for issuing pe- 
riodicals, but may or may not perform their own printing. Estab- 
lishments not engaged in publishing periodicals, but which print 
periodicalt far publishers, are classified in industry 2751 or in- 
dustry   2752. 

Data on the periodical publishing activities of nonprofit organiza- 
tions (religious, educational, social, charitable, etc.) have been 
included to the extent that the employees of such organization! 
were covered under the Social Security System. 

273 BOOKS: 
2731 Book«;   Publishing,  Publishing  and  Printing  (3-93;  C-88).~Ettablish- 

m ,-nts primarily engaged in publishing only, or in publishing and 
printing books and pamphlets. Establishments primarily engaged 
in printing, or in printing and bindinn (bui not publishing) 

books and pamphlets are classified in irjuslry 273?. 

Industry 2731 also inctudei data on book publtthing activities 
obtained fror, nonprofit organizations whose employees are cov- 
ered undo- the Social Security System and were able to report 
their bar» publishing operations at a separate establishment. 

2732 Book   Prit ting   (S-78;   C-69).—Establishments   primarily   engaged   in 

printing only or In printing and binding books and pamphlets, 
but not in publishing. Establishments primarily engaged in pub- 
lishing, ir In publishing and printing booH and pamphlets, are 
classified in industry 2731. Establishmeiits engaged in both print- 
ing and binding books, but primari-ly binding books printed else- 
where, rjre classified in industry 2789. 

Establ'ihmenti classified In industry 2732 are ilmilar in character 
to so.ne ettablishmenti primarily engaged In commercial letter- 
press printing (industry 2751) and in commercial lithography 
(induitry 2752). The distinction is that the establishments classi- 
fied 1*1 industry 2732 derive the greater part of their revenue 
from iirinting books and pamphlets, while such operations are 
secondary activities for establishments classified in industries 
2731 and 2752. 

274 MiSCELLANEOUS  PUBLISHING: 

2741 Miscellaneous Publishing  (S-92;  C-84).—Establishments primarily en- 
gaged In mitcellanoous publishing activities, n.e.c, whether or 
not engaged in printing. Establishments primarily engaged In of* 
fering financial, credit, or other business services and which may 
publish diroctorlet at part of this service are not included in this 
industry but are classified in service industries. 

This industry comprises establishments primarily engaged in pub- 
lishing tuch products as maps, attates, sheet music, directories, 
almanacs, catalogs, globe covers, racing forms, and shopping 
news or engaged in miicellaneout publishing activities, n.e.c, 
whether or not engaged in printing. Establishments primarily en- 
gaged In printing such products and not engaged in publishing 
are classified in industry 275), or industry 2752, depending on 
the primary printing process employed. Establishmenti primarily 
engaged in publishing greeting cards are classfled in industry 
2771. 

275 COMMERCIAL PRINTING: 
2751 Commercial   Printing,   Except   Lithographic  (a-86;  C-79).—Establish- 

ments primarily engaged In commercial or job printing, except 
lithographic. This industry includes general printing shops, at 
well as shops specializt.ig in printing newspapers and perlodlcoli 
for others, and thate which tpeclaltze in gravure, rotogravure, 

and screen process printing. Establishments primarily engaged In 
printing books, without publishing, are classified In Industry 
2732,  and   greeting   cards   in   industry  2771.   Establishments  prU 

marlly engaged in printing from lithographic r'jles are ctattlfted 
In Industry 2752. 

2752 Commercial  Printing,  Lithographic (S-80; C-82).—Ettablishmenti pri- 
marily engaged In printing by the lithographic process. The 
greater part of the work In this industry Is performed on a job 
or custom basis; but in some cases lithographed calendars, maps, 
posters, decalcomaniat, etc., are mode for sale. Offset printing, 
photo-offset printing, and photolithog'aphlng are also included in 
this industry. Establishmenls primarily engaged in lithographing 
books and pamphlets, without publishing, are classified in Indus- 
try 2732, and greeting cards In industry 2771. 

2753 Engraving   and   Plate  Printing  (S-89;   C-791.—Ettablishmenti   primar- 
ily engaged In engraving and etching steel, copper, wood, a 

rubber plates; in using these plates to print stationery, viiiting 
and other cards, invitations, mapt, etc.; and in making woadcutt 
for use In printing illustrations, posters, etc. Engraving for pur- 
poses other than printing it classified in industry 3479, Ettablith- 
mentt primarily engaged in preparing phofoengraved plates (half- 
tones and linecutt) are clostlfied in industry 2793. 

276 MANIFOLD BUSINESS FORMS! 
2761 Manifold    Business    Forms    (S-90;    C-91].—Ettablishmenti    primarily 

engaged In designing and printing, by any process, special formt 
for use In the operation of a business, in single and multiple 
sets, including carbonized or interleaved with carbon or other* 
wise processed for multiple reproduction. The principal types of 
manifold  butlneti forms are  continuaut,  unit-tet.   and  taletbookt. 

277 GREETING CARD PUBLISHING! 
2771 Greeting   Card   Publithlng   (S-92;   C-96).—Estobllthmentt   primarily 

engaged In designing, publishing and printing by any process of 
greeting cards for all occasions. 

278 BOOKBINDING AND  RELATED  INDUSTRIES: 
2782 Blankbooks;   Loose  Leaf Binders and  Devices (S-88;  C-BS).—Ettab- 

lishmentt primarily engaged in manufacturing blankbooks, loose 
leaf devices, and library binders. 

2789 Bookbinding,   and   Related   Work   (S-95;   C-83).—Eitablishments   pri- 
marily engaged in edition, trade, job, and library bookbinding. 
In book or paper bronzing, gilding, and edg!ng; in mop and 

sample mounting; and other services related to bookbinding. Ei> 
tabllshmenti primarily binding books printed elsewhere aro classi- 
fied In 'hit industry, but those primarily binding booki printed In 
thp «ame eitabllthment are claiiified in Industry Group 273. 

279 SERVICE INDUSTRIES FOR THE PRINTING TRADE: 
2791 Typesetting  (S-95; C-90).—Establishmentt primarily engaged in mo- 

chine and hand typesetting for the trade, and In advertising 
typography. 

2793 Photoengravinc.  (5-95;  C-91).—Estoolishmenti primarily engaged  In 
preparing phofoengraved plates (halftones and linecuts). Thes« 
ettablishmenti da not, at a rule, print from the platet which 
they make, but prepare them for ute by othert. 

2794 Electrotyping   and   Stereotyping   (5:-87;   C-86).—Eitabtlthmenti   pri- 
marily engaged in preparing electrotype and ttereotype platec. 
Theie establishments do not, at a rule, print from the plate* 
which they make, but prepare them for use by other«. 

28 CHEMICALS AND ALLIED PRODUCTS 

Thit major group includes establlthi^enlt producing basic chem- 
icatt, and establishmentt manufacturing products by predominantly 
chemical processes. Establithmenlt clattlfled in thit major group man- 
ufacture throe general clattet of products, (1) batlc chemlcali such at 
acids, alkalies, salts, and organic chemicals; (2) chemical products 1o 
be uted in further manufacture such at tynthetlc fibers, plastics mate- 
rials, dry colors, and pigments; (3) finished chemical producti to be 
used for ultimate contumptlon tuch at drugs, cotmetict, and loops; or 
to be used as materialt or tuppllet In other Induttrlet such at paint», 
fartiliien, and explosives. The mining of natural rock salt It clattlfled 
in mining Industries. Establishments primarily engaged in manufacture 
Ing nonferrous metalt and high percentage ferroalloyi are clattlfled in 
Major Group 33; silicon carbide in Major Group 32; baking powder, 
other leavening compoundi, and ttarches in Major Group 20; and em- 
balming fiuidi and artlttt' colors In Major Group 39. Establishmentt 
primarily engaged in packaging, repackaging, and bottling of pur- 
chased chemical products, but not engaged in manufacturing chemi- 
cals and allied producti, are classified in trade Induttrlet. 

281       INDUSTRIAL INORGANIC AND ORGANIC CHEMICALS: 
2812 Alkaliet   and   chlorine   (S-66;   C-79).—Eilablithmentt   primarily  «n- 

gaged in manufacturing sodium hydroxide (caustic soda), 
potatiium hydroxide (couttlc potath), toda ath, potassium carbon- 
ate,   sodium   bicarbonate,  sal  toda,  and chlorine,   Ettabllthmentt 
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pnmorily emogsd in monulacluring ammonium compound! or al- 
kali melal. or« claiiiflad in induitry 5819, ond planli primarily 

enoaoed in minino natural polonium or sodium olkaliei ore clai- 
liflod in SIC induitry  1474. 

Induilrial Gai.. (S-98; 087).—E.lobliihm.nl, primarily «nooged In 

manu/'jcturino Oaioi (or lolo in comproilod, liquid, and solid 
(orms. Establishmenls primarily engoged In manufocluring fluor- 
me, ammonia, and sulfur dioxide are classified in induslry 2819' 

and chlorine in Industry 2812. Distributors of industrial gasei 
and eitablishments primarily engaged in shipping liquid oxygen 
are classified in trade. Natural gasoline plants engaged in the 
production of gases in compressed and liquefied form are classi- 
fied in mining industries, ond petroleum refineries producing 
these gases in industry 2911. 

Cylic Intermediates, Dyes, Organic Pigments (Lakes and Toners) 

ond Cyclic (Coal Tar) Crudes (S-69,- C-65).—Establishments pri- 
manly engaged in manufacturing cyclic organic intermediates, 
dyes, color lakes and toners, and coal lor crudes. Important 
products of this industry include, (1) derivatives of benzene, to- 
luene, naphthalene, anthracene, pyridino, corbojole, ond other 
cyclic chemical products, (2) synthetic organic dyes,- (3) synthetic 
organic pigments; ond (4) cyclic (coal tor) crudes, such as light 
oils and light ail products; coal tar acids; and producls of medi- 

um and heavy ail such as creosote oil, naphthalene, anthracene, 
ond their higher homaloguos, ond tar. Establishmenls primarily 
engaged in manufacturing cool tar crudes in chemical recovery 
ovens are classified in Induslry 3312, ond petroleum refineries 
which produce such products in Industry 2911. 

This industry combined two Industrie! that were separate und^r 
the previous classification system, Industry 2814, Cyclic (coal tar) 
crudes and Industry 2815, Dyes, dye (cyclici) intermediates, and 
organic pigments (lakes ond toners). 

Inorganic Pigments (S-91, C.87).—Establishments primarily engaged 
in manufocluring inorganic pigments. Important products of this 
industry include black pigments (except carbon black, industry 
2895), white pigments and color pigments. Organic color pig- 
ments are classified in industry 2815. 

2818 Industrial Organic Chemicals, N.E.C. (S-72, C.81).-Estoblishments 
primarily engaged in manufocluring induilrial organic chemicals, 
n.e.c. Important producls of this Industry include, (1) noncyclic 
organic chemicals such as acetic, chloroacotic, odipic, formic, ox- 
alic and tartaric acids and their metallic salts; chloral, formalde- 
hyde ond methylamine; (2) sulvents such as amyl, butyl and 

ethyl alcohols; methonol; amyl, butyl and ethyl acetates; ethyl 
ether, ethylene glycol ether and diethylene glycol ether; acetone 
carbon dlsulflde and clorinated solvents such as carbon tetrochlo- 

ride, perchloroethylene and trichloroelhylene; (3) polyhydric alco- 
hols such as ethylene glycol, sorbitol, penlaerythritol; (4) syn- 
thetic penume and flovoring maleriols such as coumarin, methyl 
salicylate, saccharin, cilral, cilronollal, synthetic geraniol, lo- 
none, terpineol, ond synthetic vanillin; (5) rubber processing 
chormcols such as accel.rolors ond anlioxidonls, both cyclic ond 
ocyclic; (6) plosticilers, both cylic and acyclic, such as esters of 
phosphoric acid, phthalic anhydride, odipic ocid, louric acid, 
oleic acid, sebacic acid, and steoric acid; (7) synthetic tanning 
agents such as naphthalene sullanlc acid condensates; (8) chemi- 
cal warfare gases; and (9) esters, amines, etc. of polyhydric al- 
cohols and fatly and other acids. Eiloblishmenlr primarily en- 
gaged in manufacturing plastic materials ond nonvulconilable 
elastomers are classified in industry 2821; synthetic rubber in in- 
dustry 2822; essential ails in induslry 2899; wood distillation 
products, noval stores, ond natural dyeing and tanning materials 
in Industry Group 286; rayon and other synthetic fibers in indus- 
Irins 2823 and 2824; specialty cleaning, polishing ond sanitation 
P'eparotions in Industry 2842; and points and pigments in Indus- 
lry Group 285. Distilleries engaged in the manufacture of groin 
alcohol for beverage purposes are classified in industry 2085. 

Industrial Inorganic Chemicals, N.E.C. (S-88; C-74)'.— 
Establishments primarily engaged in manufacturing 'industrial In- 
organic chemicals, n.e.c. Important producls of this industry in- 
clude inorganic salts of sodium (excluding refined sodium 
chloride), potassium, aluminum, calcium, chromium, magnesium, 
mercury, nickel, silver, tin; inorganic compounds such as alums' 
calcium carbide, hydrogen peroxide, phosphates, sodium silicate! 

ammonia compounds and anhydrous ammonia; fertilizer materiali 
such as muriate and sulfate of potash; rare earth metal salts and 
elemental bromine, fluorine, iodine, phoiphorous, and alkali met- 
als (sodium, potassium,  lithium, etc.). 

PLASTICS MATERIALS AND SYNTHETIC RESINS SYNTHETIC 

RUBBER, SYNTHETIC AND OTHER MAN-MADE FIBERS EX- 
CEPT GLASS: 

Plastics Materials, Synthetic Resins, and Nonvulcaniiable Elastomers 
(5-84;  C-64).—Establishmenls primmily engaged  in  manufacturing 

2819 

282 

2821 

2822 

2823 

283 

2831 

2833 

2834 

284 

2841 

synthetic resins, plaslici materials, and ncnvulcanliabl« elasto- 

mers. Important products of this Industry Include: cellulose plastic 
materials; phenolic and other tar odd resins; urea and melarnine 
resins; vinyl resins; slyrene resins; olkyd reiini; acrylic rcslnt, 
polyethylene resins; rosin modified resins; caumarone-Indene and 
pelroluem polymer resins; ond mlscelloneaut rosins. Including Po- 

lyamid resins, sillcones, polyisobutylenes, polyesters; vulcanised 
fiber; casein plastics; and regenerated celluloie. This classifica- 
tion does not include nonihemlcal manufacturers who merely pur- 
chase resin or plastics materials to produce fabricated plastics 
products, film, and sheets, classified In Industry 3079. 

Synthetic Rubber (Vulcanlzable Elastomers! (S-92; C-80).—Establish- 
ments primarily engaged In manufocturlnB synthetic rubber by 
polymerization or copolymerlzollon. An elastomer far the purpose 
of this closslficatlon Is a rubber-like material capable of vulcani- 
zation, such as copolymers of butadiene and ityrene, or buta- 
diene ond ocrylonilrile, polybutadlenei, chloroprene rubbers, and 

Isabulylene-lsoprene copolymers. Butadiene copolymers containing 
less ihan 50% butadiene are classified in Industry 2821. Chlori- 
nated rubber and cycllzed rubbers are considered as semifinished 
products, ond ore classified in Induslry 3069. 

Celluloslc Man-Made Fibers (S-D; C-D).—Establishments primarily 
engaged in manufacturing celluloslc fibers (Including cellulose 
acetate and regenerated cellulose such os rayon by the viscose or 
cuprammonium process) in the form of monofllament, yarn, staple 
or tow suitable for further manufacturing an spindles, looms, 
knitting machines or other textile processing equipment. Estab- 

lishments primarily engaged In manufacturing textile gloss fibers 
are classified In Industry 3229. 

Synthetic Organic Fibers, Except Celluloslc (S-95; C.97|.—Establish. 
ments primarily engaged In manufacturing synthetic organic fibers 
except celluloslc (including those of regenerated proteins, and of 
polymers or copolymers of such components os vinyl chloride, vl- 
nylldene chloride, linear esters, vinyl alcohols, ocrylonilrile, 
elhylenes, cmldes, and related polymeric materials) in the form 
of monoflloment, yarn, staple or low suitable for further manu- 
facturing an spindles, looms, knitting machines or other textile 
processing equipment. Establishments primarily engaged In manu- 
facturing textile gloss fibers ore classified In Industry 3229. 

DRUGS: 

Biological Products (5-88; C-45).—Establishments primarily engaged 
in the production of bacterial and virus vaccines, loxolds and 
analogous products (such os allergenic extracts), serums, plasmas, 
and other blood derivatives for human or veterinary use. Exclud- 
ed are the activities of the American Red Cross, hospitals and 
other institutions which are Important collectors of blood and 
producers of blood products. 

Medicinal Chemicals and Botanical Producls (S-71; C-47). Estab- 
lishments primarily engaged In (1) manufacturing bulk organic 
and inorganic chemicals ond their derivatives; and (2) processing 
(grading, grinding, ond milling) bulk botanical drugs ond herbs. 
Establishments primarily engaged in manufacturinj agar-agar and 
similar products of natural origin, endocrine products, manufac- 
turing or isolating basic vilomins, and isolating active medicinal 
principles such as alkaloids from botanical drugs and herbs ore 
also included In this industry. Establishments primarily engaged 
in manufacturing reagent and chemically pure grades (other than 
United Stales Pharmacopoeia or Notional Formulary) of inorganic 
and organic chemicals ore classified In industries 2819 and 2818. 
respectively. 

Pharmaceutical Preparations (5-87; C-94).—Establishments primarily 
engaged in manufacturing, fabricating, or processing drugs into 
pharmaceutical preparations for human or veterinary use. The 
greater port of the products of these establishments are finished 
in the form intended for final consumption, such as tablets, cap- 
sules, ointments, solutions and suspensions. Products of this In- 
dustry consist of two important lines, namely, (1) pharmaceutical 
preparations primoril/ advertised or otherwise promoted to or 
prescribed by the health professions: medical, dental, pharma- 
ceutical, nursing, etc.; and (2) pharmaceutical preparations pri- 
marily advertised or otherwise promotod to the general public. 
Establishments compounding drugs and medicines ond selling 
these "over the counter" ate classified In trade Industries. 

SOAP, DETERGENTS AND CLEANING PREPARATIONS PER- 

FUMES, COSMETICS, AND OTHER TOILET PREPARATIONS; 

Soap and Other Detergents, Except Specially Cleaners (S-82; C-92). 
—F.tobllshments primarily engaged in manufacturing soap, syn- 
thetic organic detergents, inorganic alkaline detergents, or any 
combination thereof, and establishments producing crude and re- 
fined glycerine from vegetable and animal fats and oils. Estab- 
lishments primarily engaged in manufocluring shampoos or shov- 
ing products, whether from soap or synthetic detergents ore 
classified in industry 2844; and synthetic glycerin In industry 
2618. 
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2B42 Spacially Clsaning, Pollihing, and Sanitation Prtparaflom, Except 
Soap and DetarQsnti (S-62; C-72).—Ef'sblithmcnti primarily «n- 
gagsH In tht manufactur« of furni** J« and automobil» body pol* 
Iih and cltantri, floor pollth ar.H iha« pollthei and cltcnon; 
drenlngi and flnithoi for fabricated lealhtr and other matt rlalij 
houiehold Imoctlcldei and ropellanti and tnduitral txtermli antij 
houiehold, Imtitutlonal, and Induitrlal plant dliinfectanti and 
deodorants; fabric lofteners and laundry itarch preparations; and 
other  sonltatlon   preparations. 

2643 Surface Active Agents, Finishing Aganfi, Sulfonaled Oils and Assist- 
ants 'S-ilO; C-47).—Establishments primarily engaged In pro- 
ducing ib face active preparetlom for use as wetting agents, 
emuliiflers, and penelronlt. Establishments engaged la produc- 
ing sulfonaled oils and fats and related products ore olio In- 
cluded. 

2844 Perfumes, Coimetics, and Other Toilet Preparations (S-91; C-84).— 
Establishments primarily engaged In manufacturing perfumes (nat- 
ural and synthetic), cosmetics, and other toilet preparations. This 
industry also includes establishments primarily engaged in blend- 
ing and compounding perfume bases; and those manufacturing 
shampoos and shaving products, whether from soap or synthetic 
detergents. Establishments primarily engaged in manufacturing 
synthetic perfume and flavoring materials are classified In indus- 
try 2818, and essential oils in industry 2899. 

285 PAINTS,   VARNISHES,   LACQUERS,   ENAMELS,   AND   ALLIED 
PRODUCTS: 

28S1 Paints,   Varnished,   Lacquers,   and   Enamels,   and   Allied  Products   (5- 
95; C-96),—Establishments primarily engaged in the manufacture 
of paints (in paste and ready-mixed form), varnlihes, lacquers, 
enamels, and shellac; putties and cualking compounds; wood fill- 
ers and sealers; paint and varnish removers; paint brush clean- 
ers, and allied paint products. 

The code number for this industry in the Standard Industrial 
Classification Manual is unchanged, but the content of the indus- 
try has been slightly changed from the classification system used 
in 1958. The change in the composition of the industry as now 
constituted, compared with that under the classification system 
followed In the 1958 census, U due principally to the Inclusion 
of industry 2852 in  1963. 

286 GUM AND WOOD CHEMICALS: 
2861 Gum  and  Wood   Chemicals  (S-7^,   C-77).—Eslobliihmaols  primarily 

engaged in manufacturing hardwood and softwood dislillallon 
products, wood and gum naval stores, charcoal, natural dyeituffs, 
and natural tanning materials, tall oil and rosin, and rosin acid 
products. Eitabllshmenti primarily enqoged in manufacturing syn- 
thetic fanning materials are classified in Industry 2818, synthetic 

dyes in Industry 2815, and synthetic organic chemicals In indus- 
try 2818. 

287 AGRICULTURAL CHEMICALS: 
2871 Fertilizers {5-69; C-97).—Establishments primarily engaged In man- 

ufacturing mixed fertilizers (mixtures containing nitrogen, phos- 
phoric ocid (PJOI) or potash), from one or more fertilizer 
materials produced in the same eitabllshment. Sulfuric, phos- 
phoric, and nitric add plants operated in conjunction with 
fertilizer plants and separately reported are classified in indus- 
try 2819. When separate reports are not available these acid 
plants are classified in this industry. Establishments engaged in 
manufacturing urea ore classified in industry 2818. Establish- 
ments primarily engaged in mining, milting, or otherwise pre- 
paring natural potassium, sodium, or boron compounds (other 
than common salt) are classified in industry 1474. Establish- 
menti primarily engaged In manufacturing mixed fertilizers 
from purchased fertilizer materials are classified in industry 
2872. 

2872 Fertilizers,  Mixing  Only  (S-94;   0-96).—Esabllshmonls primarily en- 
raged In mixing fertilizers from purchased fertilizer mnterials. 
Establishments primarily engjged In bulk blending of purchased 
fertilizer materials mostly far sale directly to the consumer are 
classified in retail trade. 

2879 Agricultural Pesticides and other Agricultural Chemicals, N.E.C. (S- 
87; C-^9),—Establishments primarily engaged in the formulation 
and preporation of ready-to-use agricultural pest control chemi- 
cals, including insecticides, fungicides, rodenticldet, and herbi- 
cides from technical chemicals and concentrates, and the manu- 
facture and formulation of miscellaneous agricultural chemicals, 
n.e.c, such as minor or »race elements, soil conditioners, etc, 

Establishments primarily engaged in manufacturing basic or lech- 
nical agricultural pest control chemicals Including insecticides, 
fungicides, rodenticides and herbicides, such as lead and calcium 
orienates,  copper  sulfate,   DDT,   BMC,   2,   4-  D.   carbonates,  etc. 

are clanlfled In Industry Group 261. Eitabllshmenti primarily en- 
gaged In the production of household pesticide» are classified In 
Industry ^642, while eitabllshmenti primarily engaged In manu- 
facturing agricultural lime products are classified In Major Group 
32. 

The Industry code 2879 for 1963 repreients a change from the 
clasilflcatlon itruclure exlitlng In 1938. In 1963 the industry 
combines two 1956 Industrien 2673 and 2679. 

289      MISCELLANEOUS CHEMICAL PRODUCTS: 
2891 Adheslvei  and  Gelatin  (S-83;   C- 2).—Establlihmenti  primarily en- 

gaged In manufacturing Industrial and household adheilvet, 
gluei, sizes, and cements from vegetable, animal, or purchased 
synthetic reslni. Eitabllihmenti primarily engaged 'n manufactur* 
ng dessert preparations bated an gelatin are clciilfled In Indus- 

try 2099; vegetable gelatin or agar-agar In Industry 2Ö33; rub- 
ber cement In Industry 3069; and asbestoi cement In Industry 
3292. 

2892 Explosives (5-68; C-94].—EstablUhments primarily engaged In man- 
ufacturing explosives such as sporting powder, blasting powder, 
high explosives, nitrated carbohydrates, safety fuses, and blast- 
ing and detonating cops. Included in this industry are govern- 
ment-owned plants operated by private firms for the avcount of 
the Federal Government. Establishments primarily engaged In 
manufacturing ammunition for small arms are classified In in- 
dustry Group 196, and flreworki and pyrotechnics such as 
flares (all kinds) and railroad torpedoei. In Industry 2899. Es- 
tablishments primarily engaged in shooting wells and olio en- 
gaged In manufacturint nitroglycerine are included In the min- 
eral   industries. 

2893 Printing    Ink   (S-93;   C-92).—Establishments   primarily   engaged   In 
manufacturing printing ink, gravure Ink, screen process Ink, and 
lithographic Ink. Establishments primarily engaged In manufactur- 
ing writing and stamp pad Inks are classified In Industry 2899, 
and   varnishes   for   printers'   inks   In   Industry   2651. 

Z895 Carbon Black (S-D; C-D).—Establishments primarily engaged In 
manufacturing carbon black (channel and furnace black). Estab- 
lishments primarily engaged In manufacturing bone black and 
lamp black are classified In industry 2616. 

2899 Chemical Preparations, N.E.C. (S-82; C-71).—Eitabllshmenti prl- 
marlly engaged in the manufacture of miscellaneous chemical 
preparations, n.e.c, such as essential ails, fireworks, automotive 
chemical specialtiei, and evaporated salt; Industrial compounds, 
such as boiler and heat insulating compounds, metol, oil and 
water treating compounds, water proofing compounds and chemi- 
cal supplies for foundries; fatty odds, such as itearic, olelc, fish 
and marine, coconut-type fatty adds, and other umaturated fatty 
adds fractionated from vegetable and nnimal oils and fats. 

The code number for this Induitry In the Standard Induitrlal 
Classification Manual Is unchanged, but the content of the Indus- 
try hoi been slightly changed from the classification system used 
In 1958. The composition of the Industry as now constituted, 
compared with that under the clasilflcatlon lyitem followed In 
the 1956 census, is due principally to a change in definition of 
industry 2899 to Include fatty adds and the subsequent redatslfl- 
cation of establishments formerly Included In the old Industry 
2894, fatty acids, to Industry 2899. 

29 PETROLEUM REFINING AND RELATED INDUSTRIES 

This major group Includes establishments primarih engaged In 
petroleum refining, manufacturing paving and roofing materials, and 
compounding lubricating oils and greases from purchased materlall. 
Establishments manufacturing and distributing gas s consumers ore 
classified In public utilities Industries, and those p' narily engaged in 
producing coke and byproducts In Major Group 33, 

291       PETROLEUM REFINING: 
2911 Pelroluem   Refining   (5-96;   C-97itl.—Eeitabllshments   primarily   en- 

gaged In producing gasoline, kerosene, distilate fuel oils, resi- 
dual fuel oils, lubricants and other producls from crude 
petroluem, and its fractionation products through straight distil- 
lation of crude oil, rediitillation of unfinished petroleum derl- 
vatlvei, cracking or other processes. Establishments primarily 
engag«d In producing natural gasoline from natural gas art 
classified In mining Industries. Those manufacturing lubricating 
aits are greases by blending and compounding pi.choied ma- 
terials are Included In Industry 2992. 

295      PAVING AND ROOFING MATERIALS. 
2931 Paving  Mixtures and Blocks (5-92;  C-89).—Eitabltshm-nts primarily 

engaged In manufacturing asphalt and tar paving mixtures; and 
paving blockt made of osphall, creosoted wood, and various 
compositions   of  asphalt   or   tar  with   other   materials.   EitablUh- 
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menri primorily engaged in manufacturing brick, concrete, gran- 
ite, and itone paving blocki are clasiified in Major Group 32. 

2952 Aiphalt   Folli   and   Coatingi   |S-90i   C-92.—Eitabliihmonts   primarM) 
engaged in manufacturing asphalt and other toluroted roofing 
letti in roll or shingle form, either imooth or faced with grit, 
and in manufacturing roofing cementi and cootingi. Eitablith- 
mentl primarily engaged in manufacturing paint are clsasified in 
industry    2851. 

299      MISCELLANEOUS  PRODUCTS OF PETROLEUM AND  COAL: 

2992 lubricating   Oils   and   Greases   (591,.   CGS1»!.—Eilabliihmenti   pri- 
marily engaged in blending and compounding lubricating ails 

and greases from purchased mineral, animal, and vegetable 
materials. Petroleum refineries engaged in the production of lu- 
bricating oils and greases ore classified in industry 2911. 

2999 Products   of   Petroleum   and   Co'.l,   N.E.C.   (S-96;   0-91]. Estoblilh. 

ments primarily engoped in manufacturing fuel briquets, boulets, 
packaged fuel, powdered fuel, and other products of petroleum 
and cool, n.e.c. Wood charcoal briquets are classified in industry 
2661. 

RUBBER  AND  MISCELLANEOUS PLASTICS  PRODUCTS 

This major group includes establishments manufacturing from 
natural, synthetic, or reclaimed rubber, gutta percha, balala, or gutta 
siak, rubber products such as tires, rubber footwear, mechanical rub- 
ber goods, heels and soles, flooring, and rubber sundries. This group 
also includes establishments engaged in molding primary plastics for 
the trade, and manufacturing misrellaneous finished plastics products. 
The manufacture of elastic wobbing is classified in Major Group 22| 
products made of elastic webbing and garments made from rubberized 
fabrics in Major Groups 23; synthetic rubber in industry 2822; and 
plastics materials in the form of sheets, rods, lubes, granules, pow- 
ders, or liquids mode from rosins produced in the some esatblishment. 
In industry 2821. 

30 

301 

3011 

302 
3021 

303 

3031 

306 

3069 

307 

3079 

31 

TIRES AND  INNER TUBES: 

Tires and Inner Tubes (SD, C-99|.—Establishments primarily en- 
gaged in manufacturing pneumatic casings, inner tubes, and solid 

and cushion tires for all types of vehicles, airplanes, farm equip- 
ment, and children's vehicles, as well as tire repair, and tire re- 
treading (camelback) materials. 

RUBBER  FOOTWEAR: 

Rubber Footwear (S 93; C-90).—Estoblishmenlt primarily engaged 
in manufacturing all.rubber footwear, waterproof fabric upper 
footwear, and other fabric upper footwear having rubber soles 
vulcanized to the uppers. Establishments primarily engaged in 
manufacturing rubber, composition, and fiber heels, soles, soling 
strips and related shoe making and repairing materials are classi- 
fied in industry 3069. 

RECLAIMED RUBBER: 

Reclaimed Rubber (S-D; C-771.—Establishment! primarily engaged 
in reclaiming rubber from used tires, scrap, and miscellaneous 
waste rubber articles by processes which result in a devulcan- 

ized, depolymerized, or regenerated, replasticized product con- 
taining added ingredients. This product is sold for use as a raw 
material in the manufacture cT rubber goods with or without a 

mixture with natural or synthel : rubber. Establishments primarily 
engaged in the assembly and wholesale of scrap rubber are clai- 
sifled in trade industries. 

FABRICATED RUBBER PRODUCTS, N.E.C: 

Fabricated Rubber Product., N.E.C. (S-86; 0-89).—Establishments 
primarily engaged in manvfacluring industrial and mechanical 
rubber goods, rubberized fabrcs and vulcaniznd rubber clothing, 
a.id miscellaneous rubber specialties and sundries. Establishmcnli 
primorily engaged in rebuilding and retreading tires are classi- 
fied in industry 7534, that is, in nonmanufacturlng. 

MISCELLANEOUS PLASTICS PRODUCTS: 

Miscellaneous Ploslics Products (S.92, C-80).—Establishments pri- 
marily engageci in molding primary plastics for the trade, in 
manufacturing film, sheets, sheeting, tods, lubes, and other «tack 
shapes from purchased resins, and in fabricating miicellaneoui 
finished plastics products. Establishments primarily engaged in 
manufacturing plastics materials in the form of sheets, rods, 
tubes, granules, powders, or liquids mode from resins produced 
in the same establi hment are classified in industry 2821, and 
those primarily engaged in manufacturing artificial leather in In- 
dustry 2295. 

LEATHER AND  LEATHER PRODUCTS 

This  major group  includes  establishments engaged  In tanning, 
currying,  and  finishing   hides and  skins,  and establishments manufac- 

311 

3111 

luring finished leather and artificial leather products and some similar 
products made of other materials, leather converters ore also in- 
cluded; such converters purchase hides and skins and hove them 
processed   into   leather   on   a   contract   basis   by   others. 

LEATHER TANNING AND  FINISHING: 

lenlher Tanning and Finishing (5-99; C-1001.—Establishments prl. 
marily engaged in tanning, currying, and finishing hides and 

skins into leather, leather converters are classified in this indus- 
try. 

312       INDUSTRIAL LEATHER BELTING AND  PACKING: 

3121 Industrial   leather   Belling   and    Packing    1589,    C-84|.—Establish- 

ments primarily engaged in manufacturing industrial leather prod- 
ucts, such as transmission belting, mechanical packings, and 
textile leathers. Establishments primarily engaged in manufactur- 
ing leather gaskets are classified in Industry 3293; rubber belting 
and packing are included in industry 3069; plastic belting and 
packing  in  industry 3079;  and  metallic  pocking   in  industry  3599. 

313 

3131 

BOOT AND SHOE CUT STOCK AND FINDINGS: 

Boot and Shoe Cut Stock and Findings (5.93; C-94). Establish- 
ments primerily engaged in manufacturing leather soles, inner 
soles, and other boot and shoe cut stock and findings. This in- 
dustry alto includes finished wood heels. Establi'.hment-, primarily 
engaged in manufacturing heels, soling strips, and soles made of 
rubber, composition, plastics, and fiber ate classified in Major 
Group 30. 

314       FOOTWEAR,  EXCEPT RUBBER: 

3141 

3142 

315 
3151 

316 
3161 

317 

3171 

319 

3191 

Footwear, Except House Slippers and Rubber Footwear 15-99; C- 
99).—Establishments primarily engaged in the production of 
boots and shoes designed primarily for street, work, play, or 
sport wear. Establishments primarily engaged in the produclion 
of such protective footwear as rubbers, rubber boots, storm 

shoes, galoshes, and other footwear with rubber soles vulcanized 
to the uppers ore classified in industry 3021; and house slippers 
in industry 3142. Footwear mode by custom boot makers is cov- 
ered in the census of business. 

House Slippers IS-90; C-SS).—Establishments manufacturing house 
slippers of leather or other materials, except as noted. Establish- 
ments primarily engaged in making vulcanized rubber slippers 
(beach and shower slippers, scuffs, etc.) are classified in industry 
3021; wooden slippers including wooden clogs ore classified in 
industry 2499; and paper bath slippers in industry 2649. Knitting 
mills producing slipper socks ore classified in industry 2252. 

LEATHER GLOVES AND MITTENS: 

leather Gloves and Mittens (S-81; C-B»).—Establishments primorily 
engaged in manufacturing dress, semidress, and work gloves ex- 
clusively of leather or leather with lining of other material. Es- 
tablishments primarily engaged in manufacturing sporting and 
athletic gloves are classified in industry 3949; knit gloves in in- 
dustry 2259; and dress, semidress, and work gloves and mittens 
of cloth, or cloth and leather combined, in industry 2381. 

LUGGAGE: 

luggage (S-9J; C-94).—Establishments primarily engaged in manu- 
facturing luggage of leather or other materials. Among the prod- 

ucts included in this industry ore suitcases, briefcases, trunks, hat 
boxes (except paper or pat-erb-'ard), and camera and binocular 
cases. Establishments primarily engaged in manufacturing luggage 
hardware are classified in industry 3429. 

HANDBAGS AND  OTHER  PERSONAL  LEATHER GOODS: 

Women's   Handbags  and   Purses   (S-98;   C-98).—Establishments   pri- 
marily endagod  in   manufacturing   women's  handbags and purses 
of   leather   or   other   materials,   except   precious   metal   (industry 
3911). 

Personal leather Goods, Except Handbags and Purses (S-96; C-92). 
—Establishments primarily engaged in manufacturing small arti- 
cles such as billfolds, keycases, and coin purses of leather or 
other materials, except precious metal (industry 3911), 

LEATHER GOODS, N.E.C: 

leather Goads  N.E.C.   (S-94;   C-82).—Establishments   primarily en- 
gaged  in manufacturing  leather goods,  n.e.c,  such as saddlery, 
harness,  and  whips;  embossed   leather  goods;   leather desk  sets; 
and razor strops. 

Establishments primarily engaged in manufacturing leather gar- 
ments are classified in industry 2386; leather belts in industry 
2387; leather gaskets in industry 3293; leather bufRng and pol- 
ishing wheels in industry 3291; and leather costume jewelry In 
industry  3691. 
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32 STONE,  CLAY,  AND  GIASS  PRODUCTS 

Thti major group includes etlnblithmentj engaged in manufac- 

turing flat gton and other gtcm products, cement, itructurol clay 
products, pottery, concrete and gypsum products, cut slone products, 
abrasive and asbestos products, etc., from materials taken principally 
from the earth in the form of stone, cloy, and sand. When sppornte 
reports are available for mines and quarries operated by manufactur- 
ing esioblishmenlt classified in this major group, the mining activities 
are classiTed in mining industries when separate reports are not 
available, the mining activities are classified with the manufacturing 

operations and classified herein, 

321 FIAT GLASS: 
3211 Flat    Glass    (5-90";    C-D).—Establishments    primarily    engaged    in 

manufacturing Rat glass, including plate glass, clear window 

glass, rolled glass, figured and wire glass, opalescent ar.d ob- 
scured glass, and cathedral and skylight glass. This industry also 
includes establishments that produce laminated glass from glass 
produced in the same establishment. Establishments primarily en- 

gaged in manufacturing laminated glass from purchased flat glass 
are classified  in  industry 3231. 

322 GLASS AND GLASSWARE,  PRESSED  OR  BLOWN: 
3221 Glass Containers  IS-99;   C-99J. — Establishments  primarily engaged  'n 

manufacturing glass containers for commercial packing and bot- 
tling, and for home canning. Producli of this industry may be 

machine-made or hand-made and include ampoules, carboys, cos- 
metic jars, fruit jars, medicine bottles, milk bottles, viols, and 
beverage and  beer bottles. 

3229 Pressed  and  Blown  Glass  and  Glassware,   N.E.C.   (S-96;   C-971.—Es- 
tablishments primarily engaged in manufacturing glass and 
qlasswore, n,e.c., pressed, blown, or shaped from glass pro- 
duced in the same establishment. Establishments primarily en- 
gaged In manufacturing textile glass fibers are also included in 

this industry, but establishments primarily engaged in manufac- 
turing glass wool insulation products are classified in Indusrty 
3296. 

EstoSllshments primarily engaged in the production of pressed 
lenses for headlights, beacons, and lanterns are also included in 
this Industry, but establishments primarily engaged in the produc- 

tion of optical lenses are classified in industry 3831. Establish- 
ments primarily engaged in manufacturing glass containers are 

classified in industry 3221, and complete electric light bulbs in 
industry  3641. 

323 GLASS  PRODUCTS MADE  OF PURCHASED GL^'.S: 
3231 Glass   Products   Made  of   Purchased  Glass   (S-90n;   C-D}.—EitobMsh- 

-nonts primarily engaged in manufacturing glass products from 
purchased glass, including laminated or safety glass, toined, 
leaded, ornamented, and decorated gloss; mirrors; cutware; sciei- 
tlfic-apparatus gloss; glass novelties; mosloc glass, round glass; 
cut, beveled, and etched glass; and glass watch crystals. Estab- 
lishme.its primarily engaged in manufacturing optical lenses and 

oph'holmic lenses are classified in Major Group 38, Instruments 
one, Related Products; glass fabrics In indu»try 2221; glcti insu- 
lation  in industry 3296;  glass  fishing rods in industry 3949. 

324 CEMENT,  HYDRAULIC: 
3241 Cement,  Hydraulic (S-99;  C-100).—Establishments primarily engaged 

in manufacturing hydraulic cement, including porlland natural, 
masonry, and  purzolon cements, 

325 STRUCTURAL CLAY  PRODUCTS: 
3251 Brick ond  Structural  Clay Tile  (S-98;  C-98).—Esfablishmenti primar- 

ily engaged in manufacturing cloy building brick, vitrified paving 
brick ond hollow structural tile. Establishments primarily ennoged 
in manufacturing clay firebrick are classified in industry 3^35) 
none lay firebrick in industry 3297; land lima bficlt in industry 
3299; and glas: brick in industry 3229. 

3253 Ceramic   Wall   and    Floor   Tile   (S-95;   C-99),—Establsihments   pri- 
marily engaged In manufacturing ceramic mosaic tile, glared 
wall tile, quarry tile, and other types of ceramic wall ond floor 
file. Establishments primarily engaged In manufacturing hollow 

structural tile ond ceramic ond salt glazed facing tile ore classi- 
fied in industry 3251; drain tile in industry 3259; asphalt floor 
file in industry 3292; rubber Hie in indusrty 3069; cork wall and 
floor tile in industry 2499; ond other hard surface floor coverings 
in industry 3982. China and earthenware bathroom accestoriei 
(^owel racks, toap cups,  etc) are classified In industry 3261. 

3255 Clay   Refractories   (S-91;   C-93).—Establishments   primarily   engaged 
in manufacturing clay firebrick, cruclblss, and other heat-resisting 
clay products such as glasshouse tank blocks, stoppers, floaters, 

and rings. Establishments primarily engaged in manufacturing 
noncloy refractories, as well as oil graphite refractories whether 
of  carbon  bond  or ceramic  bond,  are classified  in  industry 3297. 

3^59 Structural   Clay  Products,   N.E.C.   (S-89;   C-95).—Establiihmenti  pri- 
marily engaged In manufacturing cloy sewer pipe and kindred 
products made of clay, and structural cloy prod els, n.e.c, such 
as architectural terra cotta, roofing tile, stove lim.* , flue lining, 
chimney pipes, thimbles and tops, wall coping, sey-nenl blocks, 
drain tile ond adobe brick. Establishments primarily engaged in 
manufacturing concrete sewer pipe and clatslfied in Industry 
3272; cast iron sewer pipe in industry 3321; and plastic pipe in 
industry 3079. 

•»26       POTTERY AND  RELATED  PRODUCTS: 
3261 Vitreous   China   Plumbing   fixtures  and  China  and   Earth wo re  Fittings 

and Bathroom Accessorir« |S-97; C-97).—Establishments primarily 
engaged in manutactur'ng china plumbing fixtures and china and 

earthenware fillings and bathroom accessories. 

3262 Vitreous  China  Table and  Kitchen  Articles  (S 90,   C-91).—Establish- 
ments primarily engaged in manufacturing vitreous china table 
ond kitchen articles for use in households ond in hotels, restau- 
rants, and other commercial inititutions for preparing, serving, or 
storing food or drink. Establishment» primarily engaged in manu- 
facturing fine (semivitreous) types of earthenware {whiteware} ta- 
ble and kitchen articles are classified in industry 3263. 

3263 Fine   Earthenware   (Whiteware)   Table   and   Kitchen   Articles   (S-92, 
C-91).—Establishments primarily engaged in monufacturinq Pne 
(semivitreous) types of earthenware table and kitchen articles for 
preparing, serving, or storing food or drink. Establishments pri- 
marily engaged in manufacturing vitreous china table and kitchen 

articles are classified in industry 3262. 

3264 Porcelain  Electrical  Supplies  (S-91;  C-95).—Establishments primarily 
engaged in manufacturing porcelain electrical insulalori, molded 
porcelain parts for electrical devices, steatite electrical products 
and other electrical supplies from clay and other ceramic mate- 
rials. 

3269 Pottery  Producli,  N.E.C.  (S-87; C-B9),—Establishments primarily en- 
gaged in firing ond decorating while china and earthenware far 
the trade and manufacturing art and ornamental potlery, indus- 
trial and laboratory pottery, stoneware and coarse earthenware 
table and kitchen articles, unglazed red earthenware floristi' 
articles,  and other pottery products,  n.e.c. 

327 CONCRETE, GYPSUM AND  PLASTER  PRODUCTS: 
3271 Concrete   Brick   and   Block   (S-92,   C-84).—Establishments   primarily 

engaged in manufacturing roncrele building blocks and brick 
from a combination of cement and aggregate, Controclori en- 
gaged in concrete construction work are classified in the comtruc- 
tion industries, and building maleriali dealers primarily engaged 
in  mixing  ond delivering  ready  mixed concrete  in   industry  3273. 

3272 Concrete   Products,   Except  Block  ond  Brick  (S-94j  C-94).-~Eifablish- 
ments primarily -nqaged in manufacturing concrete producli, ex- 
cept block and brlcK, from a combination of cement and aggre- 

gate. Contractors engaged in concrete construction work are 
classified in the construction induitriei, and building materials 
dealers primarily engaged in mixing and delivering ready mixed 
concrete in industry 3273. 

3273 Ready   Mixt J   Concrete   (S-92;   C-98).—Eilabliihmentt   primarily  en< 
gaged ir manufacturing Portland cement concrete, manufactured 

and delivered to a purchaser in a plastic and unhardenod slate. 
This tnrfjttry includes production and tale of cential mixed con- 
crete, shrink mixed concrete and transit mixed concrete. 

3274 Lime   (S-82;   C-94).—Establishments  primarily  engaged  in   manufac- 
turing quicklime, hydraled lime, and dead burned dolomite from 
limestone, dolomite shells, or other lubstances, 

3275 Gypsum   Products   (S-97;   C-98).—■tJobliihrnenti   primarily   engaged 
in mar ufacturing plaster, plasterboard, and other products com- 
posed   vholly or chiefly of gypsum. 

328 CUT STONE AND STONE  PRODUCTS: 
3281 Cut Slone and Stone Products (S-94;  C-99).—Esfablishmenti primar- 

ily engaged In cutting, shaping, and finishing maible, granite, 
slate, and other itone for building and miscellaneous uset. Es- 
toblithmentt primarily engaged In buying or selling partly fin- 
ished monuments and tombslonei, but performing no work on the 
stones other than lettering, finishing, or shaping lo custom order, 

are clatiified in trade industries. The cutting of grinditones, 
pulpslones, ond whefslonei at the quarry if clatiified in mining 
Industrial. 

329 ABRASIVE,  ASBESTOS,  AND  MISCELLANEOUS  NONMETAL- 
LIC MINERAL PRODUCTS: 

3291 Abraiive Praductt (S-70n;  C-95).—Eitablishmentt  primarily  engaged 
in  manufacturing obrative grinding  wheels of natural or synthetic 
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3292 

3293 

3295 

"i 

3296 

33 

malvriali, and other obrai!vt producll. Tht cutting o( grind* 

itonei, pulpttonet, and whsttlonei at th« quarry it cloiilfUd in 
mining induitri«!. 

Ajbejio* Producll (S-95; C-91).—Eifobtiihrnem primarily «ngagid 

in monufaclufing atbettov texlUB», aibeitoi t icllon moleriali, vi- 
nyl ntbettoi floor tile and other commodiliet tompoted wholly or 
chiefly of aibetlot, e*tepl oibeiioi paper (tndui)ry 2661), »team 

and other packing, pipe and boiler covering, and gaikeli (indut- 
■ ry 3293). 

Galtet», P'.cking, and Albeiloi Iniulatiom (S-8I; 078).—Eilabliih- 
menl» primarily enganged in manufacturing packing for iteom, 
water, and athur pipe jointi, and for engine», air com jrenori, 
etc.; goskelt; and atboitoi iniulating mot«riali for covering boil- 
en and pipe*. Eitabliihmenlt primarily e jjged in manufacturing 
leather pocking are clodifted in induitry j|21, rubber packing in 
indujtty 3069, metal packing in industry 3599. and mineral wool 
and intulotion producti in induitry 3296. 

Mineral»  and   Earttu,   Ground  or Otherwiie  Treated   (5-94;   C-86),  
Eitobliihrnenli operating without a mine and primarily engaged 
in cruising, grinding, pulverizing, or otherwiie preparing clay, 
cera;Tm, and refractory minerals (of the type in minerals Industry 

Group 145); barite (mined by industry 1472); miscellaneous non- 
motallic mineral», except fuels (talc, gypsum, graphite, and other 
minerals of the typo ''ossified in minerals Industry Group 149), 
or in crushing »lag or preparing roofing granule». However, es- 
tablishments preparing such nonmelallic mineral» or roofing gran- 

ule» in coniunct;on with a mine at the site are classified in the 
mineral industries. The crushing and grinding of »tone, the prep- 
aration of »and and gravel (minerals Industry Group 144) and of 
chemical and fertiliier minerals, except barite (minerals Industry 
Group 147, except industry 1472) are classified in the mineral 
industries whether or not the establishment includes a mine. The 
beneficiation or preparation of metalic ores and the cleaning 
and grading of coal at the lime or al »cparately operated prepa- 
ration plants ore classified in rhe mineral industries. 

The code number for thii industry in the Standard Industrial 
Classification Manual is unchanged, but the content of the Indui- 
try has been slightly changed from the clavsiflcotion syitem used 
in 1958. The composition of the industry as nuw comtifuted, 
compared with that under the classification system followed in 
the 1958 cemui Ii due principally to (11 the reclassificotion of 
exfoliated vermiculite from induitry 3296 (o industry 3295 and 
(2) the Inclusion of roofing granules produced in conjunction 

with mining operationt In the mineral induitries for 1963. In 
prior years these roofing granule plants were included in Industry 
3295. 

tabll»hment»   primarily   engaged   In Mineral   Wool   (S-90i   C-96) 

manufacturing   mineral   wool  and  mineral  wool   insulation   products 
made   of   such 
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made of luch »ilicioui material» as rock, »tog, and glais, or 
combination» thereof. Establishments primarily engaged in manu- 
facturing asbestos insulation products are classif.ed In industries 

3292 and 3293, textile glass flben In industry 3229, and exfol- 
iated vermiculite product» in Industry 3295. Exfoliated vermiculite 
wa» recloisified from  induitry 3296 (in  1958) to industry 3295. 

Nonelay Refractorlei (S-94; C-88).—Eitablishmenl» primarily en- 
gaged In manufacturing refractors and crucible» made of mate- 
rlall other than clay. This industry also Includes establishments 
primarily engaged in manufacturing all graphite refractories, 
whether of carbon bond or ceramic bond. Establishment» pri- 
marily engaged In manufacturing clay refractories are cla»»ified 
in   industry   3255. 

Nonmetollic Mireral Products. NEC {5-86; C-96).~Ei'-blishmenli 
primarily engaged In the factory production of ilatuary and art 
goods made of plaster of Paris and papier-mache and In manu- 
facturing »and lime producti, »heet mica products, and other 
nonmetalllc  mineral producti,  n.e.c. 

PRIMARY METAL INDUSTRIES 

Thii major group includei establishment» engaged in the »melt- 
ing and refining of ferrous and nonfer oui metali from ore, pig, or 
»Crop] i" the rolling, drawing, and alloying of ferroui and nanferrous 
metal»; In the manufacture of casting», forgingi, and other ba»ic 
produrti of ferroui and nonferroui metal»; and In the manufacture of 
nail», spike», and Iniulated wire and cable. This major group alia In- 
cludes the production of coke. 

BUST    FURNACES,    STEEL    WORKS,    AND    ROLLING    AND 
FINISHING  MILLS: 

Bla»t Furnaces (Including Coke Ovens), Steel Works and Rolling 
Mills (S; C),:. — Establishments primarily engaged In manufactur- 
ing hot metal, pig iron, »ilvery pig iron, and ferroalloys from 
Iron ore and  iron  and »teel  icrap;  converting  pig  iron, scrap  Iron 

3315 

3317 

322 

3321 

3323 
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and scrap »teel into »teel; and in hot rt, ling iron and steel into 
basic shapes such at plate», »htoti, ifrip». rods, bars and tub- 

ing. Merchant blast firnace» and byproduct or beehive coke ovem 
are al»o included in this  Induitry 

Included in this Induitry ore all establishment» engaged in the 
manufacture of blast furnace ferroalloy». However, e»tabli»hmenti 
which manufacture ferro or nonferroui additive alloy» by electro- 

metallurgical process are classified In industry 3313. Also, eitab- 
lishments which draw wire from purchased rod and bar; estab- 
li»hmenti which perform only cold rolling, drawing or finiihing 
operation»; ond establishment» which produce welded, seamless, 

and heavy riveted pipe from purchased materiali ore not includ- 
ed in induitry 3312, but are included In industries 3315, 3316, 
and 3317,  respectively. 

Eledrometallurglcol Producll (S-85-90; C-771'1. —Establishment! pri- 
marily engaged in manufacturing ferro and nonferraus additive 
alloy» by electromelollurglcal proceises, Including high percent- 

age ferroalloy» and high percentage nonferrou» additive alloyi. 
Ferroalloy» and other additives produced In bla»t furnace» are in- 
cluded in induitry 3312. 

Steel Wire Drawing and Steel Nalli ond Spikei (S-89; C^O)'1.— 
Establishments primarily engaged in drawing wire from purchased 

Iron or steel rods, ban, or wire ond which may be enffigod In 
the further manufacture of products made from wire; and those 
primarily engaged in manufacturing »■»el noils and spikei from 

purchased materials. Rolling mills enga. -»d in the production of 
ferroui wire from wire rodi or hot rolled bars produced In the 
same establishment are clasiified In Induitry 3312. Eitabliihment» 
primarily engaged in drawing nonferrou» wire are classified In 
Industry Group 335. 

Cold Rolled Sheet, Strip, and Bars (S-94; C-201'1.—Establishmenti 
primarily engaged In (1) cold rolling »(eel iheets and strip from 
purchased hot rolled sheet»; (2) cold drawing steel bars and 
»teel »hope» from purchased hot rolled steel bar»; and (3) pro- 
ducing other cold fmlihed steel. Establishment» primarily engaged 

In the production of »teel, including hot rolled steel sheets, and 
further cold rolling such iheets are included  in Industry 3312. 

Steel Pipe and Tubes (S-91; C-37).—Establishments primarily en- 
gaged In the production of welded or seamless steel pipe ond 
heovy riveted steel pipe from purchased materials. Establishment! 
primarily engaged in the production of »teel. Including »teel skelp 

or »teel blonkl, tube round», or pierced bllleti are claiiified In 
Induitry 3312. 

IRON AND  STEEL  FOUNDRIES: Thi*  flroup  includes  establish- 
ments primarily engaged In manufacturing iron and steel cast- 
ing». These establishments generally operate on a job or order 
basis, manufacturing castings for sale to others or for Inter- 
plant transfer. Eltabllshment» which produce Iron ond steel tail- 

ings and which are also engaged in fabricating operations such 
at machining, assembling, etc.. In manufacturing a spec I Ted 
product ore classified In the industry of the »pecified product. 
Iron and steel coiling» ore made to o considerable extent by 

establishment», classified In other industries, Ihot operate 
foundry departments for the production of castings for incorpora- 
tion, in the same establishment, into such products ai itove», 
furnace», plumbing fixtures, motor vehlclei, etc. Establishmenti 
primarily engaged in the manufacture and rolling of »teel and 

also making »teel castlngt are claisified in Industry 3312. Es- 
loblI»hment» primarily engaged in manufacturing nonferroui catt- 
ing« are classified  In  Industry Group  336. 

Gray Iron Foundriet (S-93; C-88). —Establishment! primarily en- 
gaged In manufacturing gray iron casting», including cott iron 

pressure ond soil pipe and fitting». Establl»hment» primarily en- 
gaged In manufcclunng valves and fittings, except plumbers' 
bras» goodi and fitting», ore classified In industry 3494. 

Malleable Iron Foundries (S-87; C-87|. —Establishments primarily 
entjt, ■'•»d   le   manufacturing   malleable   Iron   castings. 

Steel Foundries (S-85; C-fl9).—Eitablishmenti primarily engaged in 
manufacturing steel costings. 

PRIMARY    SMELTING    AND    REFINING    OF    NONFERROUS 

METALS AND ALLOYS: 

Primary Smelting and Refining of Copper (S; C)'4.—Establishmenti 
primarily engaged in imeltlng copper from the ore, and in refin- 

ing copper by electrolytic or other procettes. Ettabliihment! pri- 
marily engaged in rolling, drawing or extruding copper ore clai- 
sified in industry 3351. 

Primary Smelting and Refining of Lead (S; C)'4.—Eitablishmentt 
primarily engaged in smelting lead from the ore ond In refining 

lead by any proces». E»tabll»hmenti primarily engaged in rolling, 
drawing, or extruding lead are dastlfied In induitry 3356. 

Primary   Smelting   and   Refining   of   Zinc   (S-92;   C-SI").—Eitabliih- 
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men(% primoiily engoged in im«ltlng rinc from the ore, and 
in refining rin,, by any proceii, Eitabliihmenli primarily en- 
gaged in rollir ■, drawing or extruding zinc are cloiiified in 
industry   3356. 

Primary Production of Aluminum (S-100; C"75w)i — Eitabllihrnenlf 
primarily engaged in producing aluminum from alumina, and in 
refining aluminum by any proce«s. Eitabliihmentj primarily en- 
gaged in rolling, drawing or extruding aluminum are clatltfied In 
induitry  3352. 

Primary Smelling and Refining of Norferroui Metalj. NEC (S-83; 
039").—Eitabliihmenti primarily engiged In imelting and refin- 

ing nonferroui metals, n.e.c. Eitablithi. entt primarily engaged in 
rolling, drawing, and extruding t..e»e nonferrout primary melali 

are dasjified in industry 3356, and the production of bullion 
and the site of the mine is clasjified in the mining induilriei. 

SECONDARY   SMELTING,   REFINING,   AND   ALLOYING   OF 

NONFERROUS METALS AND ALLOYS: 

Secondary Smelting and Refining of Nonferrous Melali (S-94; C- 
26,,|.—Esfabtiihmenti primarily engaged in recovering nonferroui 
metals and alloys from new and used icrap and droii, but which 
ore rot f-ngaged In further fabrication. This industry Includes es- 
labllihmbnti engaged in both the recovery and alloying of pre- 
cious merali. Plants engaged in the recovery of tin through 
secondary smelting and refining, as well as by chemical processes, 

are included in this industry. Establishments primär engaged 
in assembling, sorting, and breaking up strap metal, without 
smelting   and    refining,    aie   classified   in   trade   Industrie». 

ROLLING,   DRAWING,   AND   EXTRUDING  OF  NONFERROUS 

METALS: 

Rolling, Drawing, and Extruding        of        Copper |S-90; 

C-9U- — Establishments primarily engaged in rolling, drawing and 
extruding copper, brass, brame and other ccpperbose alloy ba- 
sic «hopes such as plate, sheet, »trip, bur, and tubing. Establish- 
ment» primarily engaged in recovering copper and iti alloy» from 
scrap or dross are classified  in  industry 3341. 

Rolling,    Drawing    and    Extruding    of    Aluminum    |S-fl5;    C-93").  
Establishments primarily engaged In rolling, drawing and 

extruding aluminum and aluminum-base alloy basic »hapes »uch 
as plate,  sheet,  bar,  tubing and foil. 

Rolling, Drawing and Extruding of Nonferrous Metals. Except Cop- 

per and Aluminum (S-84; C-81").—Eitoblishments primarily en- 
gaged in rolling, drawing and extruding nonferrous melali other 

than copper (induilry 3351), and aluminum (Industry 3352). The 
products of this Induitry are produced in the form of basic 
shapes, such as plate, sheet, »trip, bar and tubing. Establlsh- 

menls prlmufity engaged in recovering nonferrous metal» and al- 
loy» from scrap or dross are clasilfied in industry 3341; in manu- 
facturing gold, silver, tin and other foils, except aluminum, In 
industry 3497; and aluminum foil  In industry 3352. 

3357 Drawing    and    Insulating    of    Nonferrous    Wire    (5-99;    086").  

Establi»hments primarily engaged in drawing, drawing and In»u- 
loting, and Insulating wire and cable of nonferrous metals from 
purchased  wire bars,  rods or wire. 

336       NONFERROUS  FOUNDRIES: 

Theve foundry Industries comprise establishments primarily engaged 
m manufacturing aluminum costings. Including coil aluminum 
cooking utensils (33611, brass, bronze, and copper casting» in- 
cluding unmachined bearings and bushing» (3362), and other 
nonferrous castings (3369). Those primarily engaged in manu- 
facturing iron and steel castings are classified in Industry 
Group  322 

For these Industrie», eapttve production (that is, the tonnage of 
(oitlngs produced for incorporation Into the final product of the 
plant or company) is a particularly important factor. Distinction 
is mode between rough castings and casting» which are machined 
or further processed and incorporated into other product». The re- 
moval of gales, riics, »pruei, and tumbling, dipping, and sand 
blastings do not constitute machining. Plant» primarily engaged 
in manufacturing casting» are included in the foundry indmtrie»; 
plants primarily engaged in further proce»jing caitings into parts 
for metal products or machinery are cta»!ified in other major 
group». 

For the 1963 and 1958 Censuiei of Manufactures separate e»lab- 
llshment reports were received from all commercial (jobbing) 

foundries and from those captive foundries which wore operated 
as separate establishments by the reporting companies. These two 
groups comprise the types of establishment» included in Induitriei 
3361, 3362, and 3369. However, where the captive foundry op- 
eration was completely integrated with the operation» in the en- 

tire plant, no separate establi»hmenl report wos received for the 
foundry   activity.   In   these   indance»   data   were   obtained   on   the 
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tonnage of cottings produt'd nnH consumed and on the number 
of employee» uiually engogcH n the cap'lve foundry operation. 

However, cioblishments with udi foundry ob^irlmenti were 
cloisified on the bail» of the plmt's final product and accord- 
ingly the general jtatisllcs on employment, payroll, coil of 

matoriali, etc., are Included in Die data for such industries at 
3432   and   3494,   etc. 

3361 Aluminum  Calling» (3-81;  C-83).—E»tabti»hmentt  primarily engaged 
in manufacturing castlngi and die catting» of aluminum. 

3362 BIJSI,   Bronze,   Copper,   Copper-Baie  Alloy  Ca»tinfls   (S-84,-   C 78).  
E»tobliihment» primarily engaged in manufacturing castings and 
*ie caiting» of copper and copper-boie ollay. 

3369 Nonferroui Caiting»,   N.E.C.  (S-78;  C-75).—E»lobliihments primarily 
engaged in manufacturing casting» and die coitingi of nonferroui 
material» except aluminum, copper and capper-base alloys. 

339       MISCELLANEOUS  PRIMARY METAL  INDUSTRIES: 

3391 Iron   and   Steel   Forgingi   (5-89;   C-69").—Eilablishments   primarily 

engaged in manufacturing light and heavy board drop, steam 
hammer, upset, ond pre»» iron and ifeel forging» with or without 
the use of dies. Rolling mill» engaged in the production of iron 
and steel forgingi are clat»ifred in induitry 3312. 

3392 Nonferrou»    Forging»    (S-69;   C-55).—Eitabliihmenti    primarily    en- 
gaged in manufacturing, with or without the u»e of die», forg- 
ing» of aluminum, titanium opper ond other nonferrous metal» 
and alloys. 

3399 Primary  Metal   tndu»tries,  N.E.C.   (5-93;   C-87).—Eslablishmenli pri- 
marily engr ged In manufacturing primary metal products, n.e.c, 

such at nonferrou» noil», brads, and spikes; metal powder, 
flakes, and paste; and establlshmentt p/lmarily engaged in heat 

reoting of metal for the trade; alio those establishmentt pri- 
marily   engaged   In   reclaiming   metallict   from   »lag. 

34 FABRICATED METAl  PRODUCTS,  EXCEPT  ORDANCE, 

MACHINERY, AND TRANSPORTATION  EQUIPMENT 

This major group includes establishments engaged in fabricat- 
ing ferroui and nonferrous metal product» »uch at metal cans, fin- 
ware, hand tooli, cutlery, general hardware, nonelectric heating 
apporatu», fabricated structural metal products, metal slampingi, and 
a variety of metal and wire products, n.e.c. Certain important «eg- 
mentt of the metal fabricating induitrlet are ctostified in other major 
group» tuch as ordnance in Major Group 19; machinery in Major 
Group» 35 and 36; transportation equipment In Major Group 37; pro- 
fe»iional, »cientific, and controlling instruments, watches and docks In 
Major Group 38; and jewelry and silverware in Major Group 39. El* 
fabtishments primarily engaged In proc. .tng ferrous and nonferroui 
metalt and their oUoyi are clattified in Major Group 33. 

341 METAL CANS; 

3411 Metal    Can»    (S-97;    C-98).—E»tablt»hmenls    primarily    engaged    in 
manufacturing metal cam from purchased tlnplote, terneplafe, 

blacknlate, or enameled »heet melol. Eitabllihment» primarily on- 
gaged in the manufacture of compotite cans made partially of 
in Ho I and partly of nan metal lie material» (luch ai fiberboard) 
are excluded from Ihi» induitry. 

342 CUTLERY,  HAND TOOLS, AND GENERAL  HARDWARE: 

3421 Cutlery   (S-B9;   C-97).—Eitoblithment»   prlmorily   engaged   in   manu- 

facturing cutlery. E»tabliihmenti primarily en aged in manufac- 

uring table cutlery made entirely of metal are classified in 
Induitry 3914; thoie manufacturing electric razors In industry 
3634; and those manufaclurlng hair clippers for human use in 
industry  3999,   ond  for anlmol   use   in   industry   3^22. 

3423 Hand  and   Edge Tooli,   Except Machine  Too», and  Hand  Saws  (S-87; 

C-84).—Eilablishmentt primarily engaged in manufacturing files 
and other hand and edge fools for molalwork'ig, woodworking, 
and general maintenance. Establishments primarily engaged in 
manufarturing »aw» ore claiiifiod in Induitry 3425; and metol 
cutting dies and power driven hand tooli, and attachment» and 
accetsoriot for machine tool» in Major Group 35. 

3425 Hand  Saw» end  Saw  Blade»  (S-7fl,-  C-85).—EitablUhmenf»  primarily 
engaged in manufocturing hand lowt and saw blades for hand 
and power driven sowi. Establishments primarily engaged in 

manufacturing power driven »awing machines are classified in 
Major Group 35. 

3429 Hardware,   N.E.C.   (S.9I;   C-93).—Establishment»   primarily  engaged 

in manufacturing miscellaneous metal products usually termed 
"hardware" and n.e.c. Establishments primarily engaged in man- 
ufacturing bolts and nuts are classified in industry 3452, nalll 
and   »pike»   in   Major  Group   33,   cutlery   in   industry   3421,   hand 
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HEATING   APPARATUS   (EXCEPT   ELECTRIC)   AND   PLUMBING 
FIXTURES: 

EnameUd Iron ond Melal Sonilary Wore |5-84; C-91).—Eilabllih- 
menli primarily engaged in manufacturing enameled iron, caif 
Iron, or prened metal lanilory wore. Ellobliihmenli primarily en- 
gaged in manufacturing vitreoui ond lemivitreoui pottery lonitary 

ware ore claliified In Induitry 3261; ond those manulocluring 
porcleain enameled kitchen, houiehold, and hoipilal wore in In- 
dustry 3461. 

This industry includes establishments which fall into two signifi- 
cantly different cotegone. nomely those producing cast Iron 
plumbing fixtures and those producing metal fixtures ol pressed 
metal. Accordingly, the monufocluring plants included In this in- 
dustry involve different manulacturing processes depending upon 

the line ol products produced. Those fixture plants producing cast 
iron fixtures include significant foundry operations while the 
pressed metal fixture plant, are more closely allied to metal fab- 
ricating plants producing their proHuct by forming processes 
(stamping, drawing, etc.). 

The operations of the largest establishments n this industry cover 
the entire „.Muclion process including the c'sling of the fixture 
through the mo^hining, finishing, and asser bly operalioni. In 
general these processes ore carrierf on of a siigle manufacturino 
plant. However, in a 'e- instances the lounc ry ooerufions were 

performed ol separate locations and, accordirjly, those leporaf« 
foundries were classified in the foundry indu irles (SIC industries 
3321, 3322, 3323, 3361, 3362 ond 3369). I, the lotler case the 
plants classifi. f in this Industry would be limited to machining 
ond finishir, operations on castings received from their osso- 
cialed   plants. 

Plumbing Fixture Fittings and Trim (Brass Goods) (S-90; C-83|.—Es- 
tablishments primarily engaged in manulacturing plumbing fixture 

fittings and trim (brass goods). Establishments primarily engaged 
in the manufacture of steam or water line valves ore classified 
in industry 3494. 

Heating EQuipmenl, Except Electric (5-76; C-81).—Eslab.lshmenls 
primarily engaged in manufacturing healing equipmen1 for all 
purposes other than paper, including all gas, oil, ond St. ker cool 

fired eouipment for the automatic utiliiolion ol goseous, liquid, 

and soi^d fuels. Eslablishmenls primarily engaged in monufactur'. 
ing electric stoves ond ranges are classified in industry 3631; 
boiler shops primarily engaged in the production of industrial! 

power ond marine boilers in industry 3443; ond industrial pro- 
ess furnaces and ovens in industry 3567. 

344       FABRICATED  STRUCTURAL METAL PRODUCTS; 

Fobncated Structural Steel (5-86; C-89).—Establishments prlmorlly 
engaged in manufacturing fabricated iron ond steel or other 

metal far structural purposes, for bridges, buildings, and sec- 
tions for ships, boats and barges. Establishments primarily en- 
gaged in manufacturing metal doors, sash, frames, maiding ond 
trim are classified in industry 3442; and fabrication work done 

by construction conlractors at the site of construction is classi- 
fied  in  construction   industries. 

Metal Doors, Sash, Frames, Molding and Trim (S-8; C-94|.—Estab- 

lishments primarily engaged in monufocutring ferrous ond nonfer- 
tous metal and metal covered doors and sash, window ond door 
frames and screens,  molding and trim. 

Fabricated Plate Work (Boiler Shops) (S-89; 0-83).—Establishments 
primarily engaged in manufacturing power and marine bailors, 

pressure and nanpressure tanks, processing ond storage vessels,' 
heat exchangers, weldmens ond similar products by the process 
of cutting, forming and joining metal plates, shapes, bars, sheet, 
pipe mill products and tubing to custom or standard design lor 

factory or field assembly. Establishments primarily engaged In 
monufacturing nonelectric healing aporotus other than power 

boilers ore classified in industry 3433, ond household cooking 
apparatus   in   industry  3631. 

Sheet Metal Work (S-88,- C-78|.-Establishments primarily engaged 
m manufacturing sheet melal work for buildings (not Including 
fabrication work done by construction contractors ol the place of 
construction), and manufacturing sheet metal stove pipes, light 
tanks, etc. Establishments In the sheet metal field are frequently 

engaged In activities which overlap Ihe economic divisions of 
manufacturing, wholesale, service ond construction, ond some dif- 
ficulty is experienced In distinguishing a sheet melal manufactur- 

ing eslobllshmenl from other sheet metal wholesalers. Establish- 
ments performing manufacturing operations Incidental to their 
Installation or controclng business ore excluded from the ceniui 

of manufactures. Conversely, many of the plants Included In In- 
duitry 3444 are engaged to a secondary extent In wholesaling or 
installing sheet metal Items. 
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3446 Architectural and Ornamental Mefol Work (S-86; C-71).—Establish- 
ments prlmorlly engaged In manufacturing orchileclurol and orng. 
mental metol work of ferrous ond nonferrous metals, such or 
stairs and staircases, open steel flooring (grating), fire escapes, 
grills, rollings, and fences ond gates except wire. Eslablishmenls 

prlmorlly engaged in monfactirlna prefabricated ond .-.orloble 
metal buildings and ports, and miscellaneous rr.t'ol work are 
classified in Industry 3449. 

This industry wos not defined In  the SIC for 1V58 lul was then 
part of Industry 3449. 

3449 Miscellaneous Metol Work (S-89; C-68).—Establishments primarily 

engaged in manufacturing miscellaneous ferrous and nonferrous 
melal work, such as prefabricated and portable metal buildings 
and parts, metal plaster bases, fabricated bar iolsls and concrete 
reinfo ting bars, ond prelabricated exterior metol panels. 

This li dustry as redefined In the SIC for 19C3, Industry 3446, 
shown above, was part of Industry 3449 in 1958. 

SCREW MACHINE PRODUCTS AND  BOLTS, NUTS, SCREWS 
RIVETS  AND  WASHERS. 

Screw Machine Products (S-97; C-90).—Establlshmonls prlmorlly 
engaged in manufacturing aulomatic or hand screw machine 
products from rod, bar, or tube slock ol metal, fiber, plastics, or 
other material. The products ol this Industry consist of a wide 

variety of unassembled parts and ore usually manufactured on a 
la' or order basis. Establishments primarily engaged in manufac- 

turing standard bolts, nuts, rivets, screws, or other industrial fas- 
teners, on headers, threaders, and nut forming machines ore 
classified In Industry 3452. 

Industry 3451 includes establishments producing o wide variety 
of Items such as small machinery parts, etc., on hand operated 
and automatic screw machines from rod, bar ond tube stock ond 

from castings ond forglngs. These products are produced almost 
entirely on a job or order basis. Included are screw machine de- 

partments or plonls of companies primarily engaged in producing 
finished end products where such activities could be reported sop- 
altely. However, in many instances captive screw machine opera- 

tions were so integrated with other activities that separate 
reports were not obtained ond the entire establishment was class- 
ified on Ihe basis of Its primary products. 

Bolts, Nuts, Screws, Rivets, ond Washers (5-92; C-90).—Establish- 
ments primarily engaged In monufacturing bolls, nuts, screws, 

rivets, washers, formed ond threaded wire goods, and special 
industrial fasteners. Rolling mills engaged In manufacturing simi- 
lar products are classified In Major Group 33, and establishmenli 
primarily engaged in manufacturing screw machine products In 
Industry 3451. 

Plants Included In industry 3452 In general are engaged In Ihe 

manufacture of bolts, nuts, screws, ! id rivets of standard types 
and sizes on heading, threading, end nut farming machines. 
These establishments may be olsa engaged In the production of 
special Industrial fasteners which require ipeciol or added opera- 
tions or the use ol special tools and fixtures. These Items include 
bolls, nuts, screws, etc., of nonslandord types ond sites ond spe- 
cial fasteners made by stamping and other forming processes. 

To a lesser extent these plants manufacture standard type bolts, 
nuts, screws, etc., on automatic and hand operated screw mo- 
chines. 

346      METAL STAMPINGS. 

3441 Metal Stampings (5-84,- C-86).—Establishments primarily e.lgoged In 
manufacturing melal stampings by Ihe use of teals, dies, jigs, 
and flxtues to punch, draw, form, or otherwise modify materials 
under pressure In a machine (primarily punch and draw presses). 

Establishments in Industry 3461 praduce belh job stampings and 
finished end products. Job stampings are made from materials 

owned by the stomping establishments as well as from materials 
owned by the customer and processed by the stamping eslablish- 

menls on o controcl or commission basis. These stampings are 
mainly ports which are sold to manufacturers for Incorportatlon 
Into any of a wide variety of products such as refrigerators, o,l- 
rieultural machinery, radio ond television sets. Finished ond 

products manufactured by estbllshmenls In fhls Induslry Include 
cooking, kitchen, ond hospital utensils (Including domestic pres- 

sure cookers ond proceloln enameled utensells), palls, ash eons, 
garbage cons, perforated metol products, metal commercial ond 
home conning closures as well as a large variety of miscella- 
neous items. 

Industry 3461 Includes the stomping deparlmenlt of eslablish- 
menls primarily engaged In producing fabricated melal pioductt 
where such stompit.g acllvltes could be reporled separately. How. 
ever, where captive stamping operations were closely Integrated 
with other acllvltes, such as In Ihe produllon of household appli- 
ances, form equipment, motor vehicles, etc., leparate reports 
were  not obtained. 
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347      COATING,  ENGRAVING, AND AUIED SERVICES, 

3471 Eleclcoplating,    Plating,    Poliihino,    Anodizing,   and   Coloring   (S"; 

C14). —Eitabliihmenli primarily engaged in alt typei of electro- 
plating, plating, anodiilng, and coloring, and finiihing of melali 

and formed product: for the trade. Moit of the work done in Ihii 
induitry ii done on moteriali owned by othert. 

3479 Coating,    Engraving,    and    Allied    Servicei,    N.E.C.    IS";    C").  
Eitabliihmentt primarily engaged in performing the following 
typei of lervicei on metoli: |1| enumoling, lacquering, and yar- 
niihing metal products for the trade; (2) hot dip galvaniiing of 

mill ihoeti, plalei and bars, coitingi, and formed product! fabri- 
cated of iron and iteel; in hot dip coating luch itemi with alumi- 
num, lead, or line; in retinning cam and utemili; |3) in engrav- 
ing, chailng and etching jewelry, jilverware, notarial and other 
leoli, and other metal products lor the trade and for job con- 
tracting for purposes other than printing; (4) and other metal 

services, n.e.e. Establishments primarily engaged in electroplat- 
ing, plating, polishing, anodiilng, coloring, and finishing of met- 

als and formed products fat the trade are classified in industry 
3471; and those producing porcelain enameled products in indus- 
try 3461. 

Industry 3479 includes establishments engaged primarily in enam- 

eling materials owned by others. Establishments primarily en- 
gaged in manufacturing vitreous-enameled products from their 
own materials are included in industry 3461. In addition, indus- 
try 3479 covers both vitreous and other types of enameling (such 
as baked enameling) whereas indijslry 3461 includus only vi- 
treous-enameling establishment! as well as Ihosr producing other 
types of metal stampings. 

Industry 3479 includes rstablishments primarily engaged tn gal- 
vaniiing iron and steel sheets or formed product: in coaling 

Iron sheets or formed product! with aluminum, lead, or zinc; and 
in retinning cans and utensils. Most of the work done in this in- 

dustry is done on materials owned by others. Rolling mills en- 
gaged in galvanizing, tinning, and other coating are classified in 
industry 3317, and establishments primarily engaged in manufac 
turing galvanized steel wire, from purchased metal rod! or bar!, 
are elaiiifled in indu!try 3315. 

Indu!try 3479 include! e!toblishments primarly engaged in en- 
graving, chasing, and etching jewelry, silverware, notarial seals, 

and other metal products for the trade, for purposes other than 
printing. Establishments primarily engaged in preparing metal 
lithograohic plates and in printing from such media are classified 

in industry 2752; establishments primarily engaged in engroving 
and etching steel and cooper plates and in using these plates to 
print strftionary, visiting cordi, etc., are included in industry 
2753; and eitabliihments primarily engaged in preparing ohoto- 

engraved plates (halftones and linecuti) are classified in indus- 
try 2793. 

348       MISCFUANEOUS  FABRICATED WIRE  PRODUCTS; 

3481 Miscellaneous       Fabricated      Wire      Products      (S-93;      C-65»).  

EslaHishmenls primarily engaged in manufacturing miscellaneous 
fabricated wire products from purchased wire. Rolling mills en- 
gaged in monufocluring wire products are classified in Major 

Group 33; establishments manufacturing nonferrous wire nails 
ond spikes in indust.y 3399; those drawing and insulating nan- 
fer.ous wire in indust.y 3357; and those assembling wire bed- 
springs   or  seats   are   classified   in  Major  Group  25. 

MISCEUANEOUS  FABRICATED METAL  PRODUCTS; 

Metal  Shipping  Barrels,  Drum!,   Keg!,  ond Pail! (S-92;  C-86),—Es- 
tablishments    primarily   .ingagod    in    manufacturing    ferrous   and 
nonferrous shipping barrels, drums, kegs, and palls. 

3492 Safes   and   Vault,   (S-Bl;    C-90.95).-Establishm,nt,   primarily   en- 
gaged in manufacturing fire or burglary resistive steel safes and 
vaults (except concrete grave vaults, industry 3272, ond metal 

grave vaults, industry 39881, and similar fire or burglary resis- 
tive products. 

3493 Steel   Springs   (S-91;   C-67].—Establishments   primarily   engaged   in 
manufacturing leaf springs, hot wound springs and coiled flat 

springs. Establishments primarily engaged in monufocluring wire 
spring, are classified in industry 3481, and rolling mills manufac- 
turing steel springs in industry 3312. 

3494 Valves and  Pipe   Fittings,   E.cept  Plumbers'   Brass Goods  (S-ü«,  C- 

85|.—E!tobli!hmenli primarily engaged in manufacturing valves 
for controlling the flow of liquids or gases in pipes ond mains, 

and for machinery. Establishments primarily engaged in manufac- 
turing faucets, spigots, and similar plumbers' brass goods and fil- 
lings are classified in industry 3432. 

3496        Collapsible Tubes ($.88,  C-)00).-Estoblishm.nts primarily engaged 

in manufacturing collapsible tube, defined a, cylindrical conlain- 
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er, for viscous products, mode a, thin Penible metal, usually of 
tin, tin lined lead, lead, lead-tin alloy, or aluminum, with inte- 

gral shoulder and neck, provided with on appropriate size open- 
ing in the throat, and usually with a screw cap made of plastic 
material for closure over the neck. 

Metal Foil ond leaf (S-84, C-45).—Esloblishmont, primarily »n- 
gaged in manufacturing gold, silver, tin ond other metal foil (in- 

cluding converted metal foil) ond leaf. Establishment, primarily 
engaged in manufacturing plain nluminum foil are cla,,ified in 
induitry 3332. 

Fabricated   Pipe  ana   Fabricated   Pipe  Fitting,   (S-92;   C-91). E,lob- 
li!hmenti primarily engaged in fabricating pipe and pipe fitting, 
from purchased pipe, by cutting, threading, bending, etc. Estab- 
lirhmenls primarily engaged in manufacturing cast iron pipe and 
fittings, including cast and forged pipe fittings which have been 

machined and threaded, are classified in industry 3321; welded 
and heavy riveted pipe in industry 3317; and seamless steel pipe 
in industry 3317. Establishments primarily engaged in manufac- 
turing products such as bonisten, railings, and guard, (ram pipe 
are clonified in industry 3446'. 

Fabricated Metal Products. N.E.C. (S-89; C-62).—Establishment, 
primarily engaged in manufacturing fabricated metal product,, 
n.o.c. Establishments primarily engaged in manufacturing adver- 
tising novelties are classified in Industry 3993. Specific product, 
of Ihi, indu,try include ammunition boxe,, metal stropping, clu- 
minum giftware (hommered), metal bookond,, ladders, and' fab- 
ricated railroad Irock equipment, such o! !wilches, crossings, etc. 
Establishment! primarily engaged in manufacturing casings or 
largings are claüifled in Major Group 33; hardware in induitry 
3429; metal !tamping! in induitry 3461; machine and equipment 
ports in Major Group 35 and Major Group 36. 

MACHINERY, EXCEPT ELECTRICAl 
This major group includes ostablilhments engaged in manufac- 

turing machinery and equipment, other than electrical equipment (Ma- 
ior Group 36) ond transportation equipment (Major Group 37). Ma. 
chines powered by built-in or detachable motor, ordinarily an 
included in thi, major group, with the exception of electrical hou,e- 
hold appliances (Major Group 36). Portable tools, bath electric and 
pneumatic powered, ore included in this major group, but hand tool, 
ore classified in Major Group 34. 

ENGINES AND TURBINES: 

Steam   Engines;   Stream,   Gat,   and   Hydraulic  Turbine«;   and   Steam, 

Gas,   ond  Hydraulic  Turbine Generator  Set  Unit,  (S-85;   C-82).  
E,tablithments primarily engaged in manufacturing steam engines; 
steam turbine,- hydraulic turbines; go, turbines except aircraft; 
and complete steam, gas, and hydraulic turbine generator ,et 
unit,. E,tobli!hmenti primarily engaged in building or rebuilding 
locomotive, are cloitified in indu,try 3741; and tho,e manufac. 

turing nonautomotive type generator, which are not a part of a 
turbine generator set in induttry 3621. 

Internal Combu,tion Engine,, N.E.C. (S-86; C-8«).—E,lobli«hmenl, 
primarily engaged In manufacturing dir set, semi-dieiel, or other 
internal combu,tion engine,, n.e.c, for ,lotionory, marine, trac 
tion, and other u,e,. Eitabliihment, primarily engaged in manu, 
facturing aircraft engines. Including racket engines, are classified 

in industry 3722, nutamotive engine, (except diesel) in SIC in. 
dustry 3714 (Censu, induitry 3717), and engine generator ut, in 
induitry 3621. 

FARM MACHINERY AND EQUIPMENT: 

Form Machinery and Equipment (S-89; C-9S).—E,tabli,hment« 
primarily engaged in manufacturing farm machinery, including 
equipment am' wheel tractor,, for uie in the preparation ond 
maintenance of the loil; planting and harveiting of the crop; 
preparing, on the farm, crop! for market; or for u,e In perform- 

ing other form operations ond processes. Thi, industry include, 
wheel traclor,, except contractor,' off-highway type which are 
clatsified in Industry 3531. Establiihmenli primarily engaged In 
manufacturing induilrial trucki, tractors, and trailer, used for 
handling material, in rndu,triol plant,, depot«, and dock, are 
classified in industry 3537; and form hand tools in Industry 
Group 342. 

CONSTRUCTION,   MINING,   AND   MATERIALS    HANDLING 
MACHINERY AND EQUIPMENT! 

Construction Machinery and Equipment (S-91; C-89). Establish- 
ments primqrily engaged In manufacturing heavy machinery and 

equipment used by the construction industries, such a« bulldozer«; 
concrete mixer«; crane«, except Industrial plant; dredging machin- 
ery; pavers, and power shovel«. Establishments primarily engaged 
in monufocluring mining equipment are classified In Induitry 
3532, and well drilling machinery in industry 3533. 
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3532 Mining  Machinery  and   Eaulpmsnt,   Eiic»pl  Oil   fi«ld  MacMnery and 354J 
Equiumsnl (S-73; C-82).—Eitabllshm<nli primarily angagtd in 
manufacturing heavy mochinsry and equipment used by the min- 
ing induitriet, luch at coal breakert, mine con, mineral cleaning 
machinery, concentration machinerv, core drills, coal cuttert, 
portable rack drillt, and rock crushing machinery. Ettablithmentt 
primarily engaged in manufacturing construction machinery are 
clotiifled   in   industry   3J31,   well   drilling   machinery   in   Indutlry 3548 
3533, and cool and ore conveyors In Induttry 3535. 

3533 Oil   Field   Machinery   and   Equipment   |S-90i   C-911.—Ettablithmentt 

primofily engaged in manufacturing machinery and equipment for 
use in oil and gas fields, or for drilling water wellt. 

3534 Elevators   and   Moving   Stairways   (S-97,   C-95).—Et oblithmen't   pri- 
marily engaged in manufacturing pottenger or ( eight elevatort, 
automobile lifts, dumb waiters, and moving stairw^,' Ettablith- 
mentt primarily engaged in manufacturing commercial conveyor 
tyttemt and equipment are clattified in induttry 3535, and farm 
elevatort in induttry 3522. 

3535 Conveyors   and   Conveying   Equipment   (S-82;   C-83|.—Esloblishmenlt 
primarily engaged in manufacturing conveyort and conveying 
equipment far inttallation in factoriet, warehoutet, minet, and 

other indutlrial and commercial ettablithmentt. Ettablithmentt 
primarily engaged in manufacturing pottenger or reight eleva- 

tort, dumb waitert, ond moving ttairways are classified in indus- 
try 3534; and overhead traveling crones and monorail systems 
in   industry   3536. 

3536 Haittt,   Induttrlal   Cranet,   and   Monorail   Syttemt   ($-80;   C-70|. El« 
tablithmentt primarily engaged in monufacturing overhead travel- 

ing cranet, haittt, and mancrait tyttemt for inttallation in 
factoriet, warehoutet, and olh ,r indutttial and commerciol ettab- 
lishmenls. 

3537 Industrial  Trucks,  Tractors,  - filers,  and Stackert  |S-90;  C-81|. Et- 
tablithmentt primarily e .. jed in manufacturing indutlrial trucks, 
tractors, trällert, ttacke (truck typo), and related equipment, 
used for handling moterinlt on fioort and paved turfacet in ond 

around indutlrial and .:o nmercial plantt, depott, docks, and ter- 
minals. Establishments p imarily engaged in manufacturing motor 
vehicles ond motor Vu.'icle type trailers are classified in Industry 
Group 371; farm type wheel tractors In industry 3522; wheel 
tractor shovel loaders, tracklaying traclors in industry 3531; and 
wood pallets and skids in industry 2499. 

354      METALWORKING MACHINERY AND  EQUIPMENT: 

3541 Machine   Tools,   Metal   Cutting   Types   (S-81;   €-88).—Etlobliihmonl« 
primarily engaged In manufacturing power-driven mochinet, not 
tupported in the handt of an operator when in ute, that shape 
metal by cutting or use of electtical equipment; the rebuilding of 

tur-h machine toolt, and tha manufacture of replacement parti 
far them. Metalworking. or primarily metalworking machine 
tools designed primarily for home workshops are olsa included. 
Establishments primarily engaged in the manufacture of electric 
welding equipment are classified in industry 3623; and portable 
power-driven hand tools, gat welding ond cutting equipment, 
and   automotive   maintenance  equipment   in   Industry  3548. 

3542 Machine   Tools,   Metal   Fotming   Types   (S-86;   C-79).—Etlablithmenll 
primarily engaged in manufacturing power-driven machinet, not 
tupported in the handt of on operator while in ute, for pretting, 
forging, hammering, extruding, theoring, bending or die catling 

metal Into thope. Thit induttry alto includet rebuilding tuch ma- 
chine! toolt ond manufocturing repair parlt for them. Eitablith- 

mentt primarily engaged in the manufacture of electric welding 
equipment are classified in industry 3623; portable power-driven 
hand tools, gos welding and cutting equipment, and automotive 
maintenance equipment in industry 3548. 

3544        Special  Diet and  Toolt,  Die  Sets,  Jigs,  and  Fixtures  (S-93;  C-721. 

— Establishments   primarily   engaged   in   manufacturing,   on   a   lab :,5' 
or order basis, ipedal tools ond fixtures for use with machine 
toois, hammers, die catting machinet, and prettet, The productt 
of ettablithmentt clattified in thit induttry include a wide variety 
of special toolingt, tuch at diet; punchet; die tett ond compo- 
nentt, and tubprettet; jlgi ond fixturet; and tpeciol checking de- 
vicot. Ettablithmenls primarily engaged In manufacturing metal 
molds for costing metals, for rubber working, plastic working 
gloss working ond similar machinery ore also included. 354 

This   industry   comprises   establishments   commonly   known   as   con- 3561 
tract tool and die shops; also Included ore captive tool and die 
shops of metol-praducts producers, where such shops were lepa- 
rately operated ond separate reports were filed. However, the to- 

tal value of shipments excludet the captive produ-tlon of tool 
and die departmentt making thete productt for the exclutive ute 
of the producing ettabllthment. 

3553 

3555 

Machine Tool Accettoriet and Meaturing Devicet IS 83; C-84).—Et- 
tablithmentt primarily engaged in manufacturing cutting toolt, 
machinlttt' ptecltlon meaturing toolt, and attachmenlt and accet- 
toriet for machine toolt and for afher metalworking machinery, 
n.e.c. Ettablithmentt primarily engaged in manufacturing hand 
toolt,  except power-driven,  ate  clattified   in   Indutlry  Group 342. 

Metalworking Machinery, Except Machine Toolt and Power-Driven 

Hand Toolt (5-85; C-88).—Etlabllthments ptltnorlly engaged In 
manufacturing metclwotklng machinery tuch at rolling mill ma- 
chinery and equipment, power-driven hand toolt, welding equip- 
ment, wire fabricating mochinery and equipment, except wire 
drawing diet, ond automotive mointenancj machinery and equip- 
ment. Ettablithmentt primarily engaged In manufacturing machine 

toolt, melol cutting lypet, are clattified In induttry 3541, and 
thote primarily engaged in manufacturing machine toolt, metal 
forming typet, in indutlry 3542. 

SPECIAl  INDUSTRY  MACHINERY,  EXCEPT METAL  WORKING 

MACHINERY; 

Thete induttriet Include ettablithmentt primarily engaged in produc- 
ing indutlrial machinery, except metalworking machinery, spe- 
cially designed for ute in a tpecific induttry or in a group of 

Induttriet. Machinery having general Induttrlal application, i.e., 
uted in a number of industries, rather than in specific appli- 

cations are not Included In this group but are included in indus- 
try Group 356. Examples of general industrial mcchinery are 

pumps and compressors, fans ond blowers, and mechanical power 
transmission   equipment. 

Food Producls Machinery (5-86; C-87).—Establithmenlt primarily 
engaged in manufocturing machinery for ute by the food prod- 
uctt and beverage manufacturing induttriet in the preparation, 
canning, or packaging of food productt ond partt and attach- 

ments. Establishmentt primarily engaged in manufacturing tefrig- 
'ratlon mochinery o'e clattified in indutlry 3595; houtehold elec- 
trical appllancet such as mixers, cookers, etc., are classified in 
industry 3634. 

Textile Machinery (5-93; C-941.—Establishments primarily engaged 
in mi.-'ufacturing machinery for the textile industries, and extra 

parts, nttachmentt, and accessories. Establishments primarily en- 
gaged in manufacturing domestic or industrial sewing machinet 
are clattified in induttry 3636. 

Woodworking Machinery (S-80; C-83).—Ettablithmentt primarily en- 
gaged in manufacturing machinery for towmillt, planing millt, 
cabinet ond furniture makert, pattern makert, ond veneer work- 
en. 

Eilobllshmentt   primarily   engaged   in   manufacturing hand   toolt 
tuch at planet, axet,  drawknivet, and hand taws are clattified  in 
Indutlry Group 342,  and portable power-driven  hand toolt  in  in- 
dutlry 3548. 

Paper Induttriet Machinery (5-88; C-90).—Etlsblithmenti primarily 
engaged in manufacturing machinery for I'm paper-pulp, paper, 

and paper product Indutttiet. Ettobllthmontt primarily engaged in 
rebuilding pulp ond pape; induttriet machinery are alto Included 
in thit induttry. Ettablithmentt primarily engaged in manufactur- 
ing  printing trodet machinery are clattified in induttry 3555. 

Printing Tradet Machinery and Equipment (S-95; C.93). Ettablith- 

mentt primarily engaged in manufacturing machinery and equip- 
monl uted by the printing and bookbinding tradet. Important 
pi'oducti of thit induttry include bookbinding and photoengraving 
machinery; printers' machinery such at prettet, lypetetting, type- 
founding, electrolyping, and ttereotyping mociilnet; engravert' 
equipment (melol platet, wood blocks, and lithographic ttonesl; 
printert' rollert, rulet, ttickt, blockt, and type catet; and type, 
leadt, and tlugt. Ettablithmentt primarily engaged in manufac- 
turing   textile  printing   machinery  ore   clattified   in   Induttry  3552. 

Special Indutlry Machinery, N.E.C. (5-83; C-73|.—Ettablithmentt 
primarily engaged in manufocturing tpeciol induttry machinery, 
n.e.c, tuch at tmolting and refining equipment, cement making, 
clay working, glass making, hat making, incandescent lamp mak- 
ing, leather working, paint making, rubber working, tobacco 

working, cigar and cigarette making, thoe making, and ttone 
wotking machinery. 

GENERAL INDUSTRIAL MACHINERY AND EQUIPMENT: 

Pumpt, Air and Gat Comprottort, and Pumping Equipment (5.85; 
C-86).—Ettablithmentt primarily engaged in manufacturing 
pumpt, comprottort, ond pumping equipment for general indut- 

lrial ute. Etlablltn n»nlt primarily engaged in manufacturing 
meaturing and ditpunting pumpt for gatollne tervice tlolion ute 

are clattified in indutlry 3586; o.-ld ice making, refrigerating, 
and air conditioning uitt in induttry jjd;. 
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»all and Rolle, Bearing. (S^Z,- C-9e).—Eilabli.hmenli primarily en. 
gaged In manufaclurlng boll and roller beorlngi and parli, El- 
fabliihmenti primarily engaged in manufacluring bearingi, ex- 
cep) ball and roller, ate cloulfled in Induitry 3566. 

Blowen ond Exhatm Venlilation Farn (S-83; C-79|.-E>lablilhment. 
primarily engaged in manufacturing blowen, and exhouil ond 

ventilaling fom (or general induilrial, tommerciol, and houiehold 
uie. EllobllihmenH primorlly engaged In manufacluring complete 
air conditioning uniti are cloiilfied in induitry 3585 and free 
air circulating font far uie on deik., pedeitali, or wall bracket, 
in induitry 3634. 

3565 Indu.trial   Pattern,   (S-96,   C-80)._E.labli,hm.nt.  primarily  engaged 
in manufacturing induitrial patterni. 

3566 Mechanical   Power   Traniminion   Equipment,   Except   Boll   and   Roller 

Bearingi 15-84; C-79).—Eltabli.hment. primarily engaged in 
manufacturing mechanical power tron.minion equipment for in- 
duitnal machinery. Eitabli.hmenti primarily engaged in manufac- 
turing automotive, tank, and tractor power tran.mis.ion equip, 
ment pre clai.ified in SIC induitry 3714 (Cenm induitry 3717); 
aircraft power Irammiiiion equipment in induitry 3729; and ball 
and roller bearingi in induitry 3562. 

Induitrial Proceii Furnacei and Oven. (S-82, 086).—Eitabliihmenl. 
primarily engaged in manufocluring indu.trial proceii furnace, 
oven., induction ond dieelecliic healing equipment, ond related 
device.. 

General Indu.trial Machinery end Equipment, N.E.C. (S-83; C70|. 

—Eltobli.hmenl. primarily engaged in manufacturing machinery, 
equipment, and cor ponent. (or general indu.trial uie, and for 

which no .pecial cla.iiflcolion 1. provided. Machine ihooi primar- 
ily engaged in producing machine and equipment part., usually 
on a iob or order ba.ii. are clo.sified in induitry 3599. 

Induitry 3569 cover, a wide range of product, .uch a. filter, ond 

.trainer, for interncl combu.tian engine, (except automobile on- 
gmeil. hydraulic jock., packaging and wrapping machine, (except 

food and tobacco), centrifugal, and leparator. (except cream) 
gai generatnn, equipment, brake burni.hing and wo.hing ma- 

chine., ice cru.her machinery, fire hole (except rubber) f,re hoie 

dryeri and racki, automatic iprinkler .y.tem., general induitrial 
labeling machine., and  magnetic .eparation equipment. 

OFflCE, COMPUTING, AND ACCOUNTING MACHINES: 
Computing and Accounting Machine., Including Cash Regl.ter. (S- 

93; C.94).—E,tabli,hment, primarily engaged in manufacluring 
computing machine, including electronic, accounting machine, 
and ca,h regi,ler,. E,tabliihmenl, primarily engaged In manufoc-' 
luring typewriter, are cloulfled in indu.try 3572, ond office du- 

plicating machine, and device, and autographic regi.ter, in in- 
du,try 3579. 

Typewriter. 15-85; C-99)._E.tobli.hment. primarily engaged in 
manufacturing typewriter, and port.. 

Scale, ond Balance», Except laboralary (5-92; C-97).—S,labli,h- 
ment, primarily engaged in manufacturing weighing and force 
meo,uring machine, and device, of all type,, except tho.e re- 
garded a. .cienlific apparatu. fo, Ipboratory and experimental 
work which are cla..ified  in  indu.try 3811. 

Office Machine,, N.E.C. (S-Bl; C.79)._E.tabli,hment, primarily en- 
gaged in manufacturing ofpee machine, and device., n.e.c. E.- 
labli.hment. primarily engaged in manufacturing computing ma- 
chine, and ca.h regi.ter. are clo..il)ed in indu.try 3571 
typewriter, in indu.try 3572, and photocopy and microfilm equip! 
men! in indu.try 3861. 

SERVICE  INDUSTRY MACHINES: 

Automatic Merchandi.ing Machine. (S-81; C 90).-E.labll.hmenl, 
primarily engaged in manufacturing automatic merchondi.ing 
unit,, ol.o referred to a. vending machine, (excluding mu.ic 
amu.ement, or gaming machine.) and coin-operated mechani.m, 
for ,uch machine,. Coin.operated amu,emenl and gaming ma. 
chme, are cla,,ified in indu,try 3999 and coin-operated phono- 
graph. In industry 3651. 

3582 Commercial   Laundry,   Dry   Cleaning,   and   Pre„ing   Machine,   (5-91; 

C-89|.—E.tabli.hment, primarily engaged in manufacturing laun- 
dry and dry-cleaning equipment ond pie,sing machines for com- 

mercial and industrial use. E.tabli.hment. primarily engaged in 
manufacturing hou.ehold laundry equipment are clo..i(ied in in- 

du.try 3633. Although the SIC cla..ifle, coin-operated hou.ehold 
WOlhlng machine, in indu,try 3582, data for the,e machine, are 
included in the 1963 Cen,u; of Manufacture,, o, in 1958 in in- 
duitry 3633. 

3585 

357 

3571 

3572 

3576 

3579 

358 
3581 

3589 

Air Condllianlng Equipment ond Commercial and Induitrial Rufrlc- 
orafion Muchinory ond Equipment (S '<; C ").—E.labllihmenl« prl- 
marlly engaged in manufacturing equipment ond .yifem, utilizing 
the ba.lc refrigeration cycle, including mechanical and ab.orpflon 

refrigeralon for commercia' and Indu.trial UM) refrigeration 
machinery, and complete air candillaning unlit (or domoillc, 
commercial, and Induitrial u.e. Eitabli.hmenti primarily en- 

gaged in manufocluring .ado fountain and beer-dl.penting 
equipment are cla,,ifled In Ihl. Industry, and those primarily 

engaged in manufacluring houiehold relrlgeratan and home and 
farm  freezer, in indu.try 3632. 

Measuring and Di.pen.ing Pump. (S-73; C-BS).—E.labllihm.nt. prl. 
manly engaged in manufacluring meo.urlng and diipen.ing 
pump, commonly uied in .ervice and filling .talians lor diipen- 

.ing ga.aline, oil, and grea.e, including greaie gun.. Eitabllih. 
ment, primarily engaged In manufacturing ;.umpi, comprenon 
and pumping equipment for general uie ore cloulfled In indutlrv 
3561. ' 

Service Industry Machlnoi, N.E.C. (5-86, C-B4|.—Ellablilhm.nlt 
primarily engaged in manufacturing machinal and equipment, not 

elsewhere cftmifled, far u.e In .ervice indu.lriei, .uch ai floor 
landing machine,, indu.trial vacuum cleaner., icrubblng ma- 
chine., commercial cooking ,nd food warming equipmenl, and 

commercial di.hwo.hing mock'lMI. E.tabli.hmenli primarily en. 
gaged in manufacturing hou.el -ild electric appliance, are cloiil- 
fied in  Indu.try Group 363. 

359      MISCELLANEOUS MACHINERY,  EXCEK ELECTRICAL: 
3599 Mi.cellaneoui  Machinery,   Except  Eleclrical  (!, 90;  C-90). E.labll.h. 

ment. primarily engaged in manufacluring machinery and part, 
except eleclrical, not el.ewhere clai.ified, such a. pi.loni and 
pi.tan ring., carburelan, metallic packing, ond amuiement park 
equipment. Thii induitry ql.p include, eitabliihmenti primarily 
engaged in producing or repairing machine ond equipment parti, 

n.e.c, on a job or order baili far athen. The.e eslabll.hmenti 
usually operale on a job, or order basis ond are equipped with 
machine tools and other power.driven melalworklng machinery 
capable of manufacturing a wide range of machine and equip. 
ment parti. Machine .hop. classified in thi. :ndu.try are charao 
lenzed by their method of operation rather than their product 
and the fact that Ihey may be primarily engaged In repair work 

doe. not exclude them from thi. cla.iiflcolion; however, machine 
.hap. engaged exclu.ively In repair work are cloulfled in repair 
Indu.lriei. 

Altl sugh generally characterized by method of operation rather 
thai type of product, e.tabli.hment. primarily engaged In manu, 

faclinng the following product, are cloulfled In Induitry 3599, 
melil bellowi, buihingi machined from purchased coitingi car. 
bunion, catapulli, bailer-tube cleaners, valve caret, hydraulic 

cyl nden, iron floski, flexible metal hole and tubing, metallic 
packing (except aibeitoi-melalllc), piston, and piston ring., and 
intake and exhaust valve, for Internal combutllion englnet. 

36 ELECTRICAL MACHINERY, EQUIPMENT, AND SUPPLIES 
Thii major group includet eitabliihmenti engaged In manufac- 

turing machinery, apporatui, and supplies for the generation, storage 

tranimimon, traniformalion, ond ulllizalion of electrical energy The 
manufacture of houiehold applloncei ii included In thii group bul 
induitrial machinery and equipment powered by built-in or detachable 
electric motan ii cloulfled in Major Group 35. 

ELECTRIC TRANSMISSION AND DISTRIBUTION EQUIPMENT: 
Eleclrical Measuring Initrumentt ond Toll Equipment (S-84, C-78). 

—Establiihmenli primarily engaged In manufacturing ' pocket] 
portable, panelbaard and graphic recording inilrument, for meat- 
unng electricity, luch as voltmeten, ommeten, woltmeten, watt- 
hour meiert, demand meiert and other meten and indicating in. 
itrumenli. Thii induitry also includei eitobliihmenl, primarily 

engaged in monufacluring analyzers far letting the eleclrical 
choroctoriitict of internal combuttion engines, rodio apparalut 
etc. 

3612 Power,   Diitribution    and  Specialty Trantformert  (S-92;   C.94).—E». 
tabliihmenlt primarily engaged in manufacturing power, dillribu. 

lion and specially transformers. Esloblishmenti primarily engaged 
in manufacluring radio frequency or voice frequency trontlormeri 
coil, or choke, ore cloulfled in indu.try 3679, ond resistor weld, 
ing Iron,farmer. In indu,try 3623. 

3613 Swilchgear and Switchboard Apparalut (5-87; 

C-89) —Etlablithmentt primarily engaged In manufacturing 
twitchgear and iwilchboord apporatui. Important pradu'll of Ihit 

induitry include power iwllchei, circuit breaken, power twitching 
equipment, and tiinilar twitchgear far general Induitrial applica- 
tion, twitchbaardi and cublclet, control and metering panels 
aawer   fuse   mountings,   ond   timilar  twltchboard   apparalut   ond 
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363 
3631 

3632 

3633 
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tuppties. Estoblithmenlt prinonly engaged !n manufacturing in- 
duiifiol conlrolt are claif;*fd in im'uslfy 3622, and Ihoie manu- 
facturing current carrying wiring devi:ei in industry 3643. 

ElECTRICAL  INDUSTRIAL APPAPAFUS: 
Moton and Generators (S-81; C-84).—Ettabiiihmenti primarily en- 

gaged in manufacturing electric motort (except itarllng malort] 
and power generatari; motor generator teli; railway moton and 
control equipment; and moton generators and control equipment 

for gaioline electric and oil elsctric bunes and trucks. Eitabllih- 
menli primarily engaged in nanufacturing turbogenerator! ore 

clattified in induitiy 3511 and storting motors ond ballsry charg- 
ing  generator!   for   internal   can bustion  engines  in   industry  3694. 

Industrial Cont.ols (S-79; C-79).—Establishments primarily engaged 
in manuFaclurlng motor starters and controllers, control accesso- 
ries, electronic controls, and other industiral control». Establish- 
ments primarily engaged in manufacturing automatic temperature 
controls o'd classified in Industry 3822. 

Welding Apparatus (S-93; C-89).—Estabtlshmenti primarily engaged 
in the manufacture of welding apparatus and accessories. Impor- 
tant products of thti industry include arc welding machines, spot, 
projection, seam, flash and other resistance welders, welding 
electrodes, electrode holders and other welding machine accesso- 
ries. Establishments primarily engaged in coating welding wire 
from purchased wire or wire drawn in the same establishment 
ore also included. Establishments primarily engaged in manufac- 
turing gas welding opparatu*; are classified in industry 3548. 

Carbon and Graphite Products (S-93; C-96).—Establishments primar- 
ily engaged in the manufacture of carbon and graphite products 
for use in the electrical industries. This industry comprises estab- 
lishments primarily engaged in manufacturing lighting carbons; 

carbon, graphite, and metal-graphite brushes ond brush slock; 
carbon or graphite electrodes for thermal and electrolytic uses; 
ond other carbon, graphite, and metal-graphite products for use 
!n thr   electrical industries. 

Electrical Industrial Apparatus, N.E.C. (S-80; C-72).—Establish- 
ments primarily engaged in manufacturing industrial ond commer- 
cial electric apparatus and equipment, n.e.c, such as blasting 
machines, and fixed and variable capacitors, condensers and rec- 
tifiers for industrial application. 

Establishments prlma.ily engaged in manufacturing ' xed and var- 
iable capacitors and condensers for electronic end products are 
classified in industry 3679, and rectifiers for electronic end prod- 
ucts in industry 3674. 

HOUSEHOLD APPLIANCES: 
Household Cooking Equipment (S-87; C-721.—Establishments primar- 

ily engaged in manufacturing household cooking equipment, such 
as stoves, ranges, and ovens. Establlshmet ts primarily engaged in 

manufacturing household cooking appliances, such as hot plates, 
grills, percolators, and taoiteri are classified In industry 3634. 
Establishments primarily engaged in manufacturing commercial 
cooking equipment are classified in industry 3589. 

Household Refrigerators and Home and Farm Freezers (S-66; C-V9). 
—Establishments primarily engaged in manufacturing household 
refrigerators ond home and farm freezers. Establishments pri- 
marily engaged In manufacturing commercial and industrial 
refrigeration equipment, packaged room coolers, ond dehumidi- 
flers ore classified  In  Industry 3585. 

Household Laundry Equipment (S-89; C-87).—Establishments primar- 
ily engaged in manufacturing laundry equipment such as washing 
machines, wringers, dryers, ond Iraners for household use. Estab- 
lishments primarily engaged in manufacturing commercial laundry 
equipment are classified In industry 3582. 

Electric Housewores and Fans (S-87; C-811.—Eitablishmenli pri- 
marily engaged In manufacturing electric houiewarei for heat- 

ing, cooking, and other purposes; ond electric fans. Important 
products of this industry include electlrc air heaters, bed cover- 

ings, blenders, broilers, deep fat fryers, flat irons, food mixers, 
hot plates, percolators and coffee mckers, realtors, toasMrs, desk 
ond brocket fans, ond hassock or floor fans. 

Household Vacuum Cleaners (S-87; C-80).—Establishments primarily 
engaged in manufacturing vacuum cleaners for household use. 
Establishments primarily engaged in manufacturing vacuum clean- 
ers   for   industrial   use   are   classified   in   industry   3589. 

Sewing Machines (S-90.95; C-961.—Establishments primarily en- 
gaged in manufacturing sewing machines for domestic and In- 
dustrial use. 

HouseSold Appliances, N.E.C. (S-79; C-79).—Establishments 
prlmarMy engaged in  manufacturing household appliances, n.e.c, 

such as hot water heaters, dishwashers, and food waste disposal 
units. 

364      ELECTRIC LIGHTING AND WIRING EQUIPMENT: 
3641 Electric   lamps  (S-95:   C-96|.—Establishments  primarily  engaged   In 

manufacturing elei.tic bilbs, tubes and related light sources. Im- 
portant products of this Industry Include Incandescent flloment 
lamps, vapor and fluorescent lamps, phot flash ona photo-flood 
lamps, electrolheropeutic lamps, units for 'Mra violet and Infra- 

red radiation and other electric light sources. Establishments 
primarily engaged in manufacturing gljss blanks for bulbs ore 
classified in Industry 3229; ond lamp components, such as fila- 
ments, supports, lead-in wires and cold cathode fluorescent lamp 
electrodes in industry 3699. 

3642 Lighting   Fixtures   (S-93;   C-93).—Establishments   primarily   engaged 
in manufacturing lighting fixtures ond equipment of any type, in- 

cluding electric ond gas lighting fixtures; carbide, kerosene ond 
gasoline lamps; and metal reflectors and fittings. Establishments 
primarily engaged In producinn glassware for lighting fixtures are 
classified in Major Group 32; electric light bulbs, tubes and re- 
lated light sources In Industry 3641. 

3643 Current  Carrying   Wiring   Devices  (S-80;   C-83).—Establishments  pri- 
marily engaged in manufacturing current carrying wiring devices. 

Important products of this industry include attachment plugs and 
cops, convenience outlets, lamp sockets and receptacles, snap 
switches, conductor connectors, overhead trolley line material, 
roll bonds for both propulsion ond signal circuits, lightning 
arreslors, and other lightning protective equipment. 

3644 Noncurren   Carrying   Wiring   Devices   (S-77;   C-80).—Establishments 
primarily engaged in manufacturing noncurrent carrying wiring 

devices. Important products of this industy include conduits and 
fittings, electrical inst lators and insulation materials, except por- 
celain insulators (inr ustry 3264) and glass insulators (ii dustry 
3229); outlet   swiUn and fuse boxes; and pole-line hordwar* 

365 RADIO  AND  TELEVISION   RECEIVING  SETS,   EXCE'-T  COM- 
MUNICATION TYPES: 

3651 Radio  and  Television   Receiving  Sets,   Except  Communication  Typo» 
(S-9I; C-96).—Establishments primarily engaged In manufacturing 
equipment for home entertainment. This industry also includes cs- 
lablishmenls primarily engaged In manufacturing public address 
systems, and music dlilributlon apparatus, except records. Estab- 
lishments primarily engaged In manufacturing records are classi- 
fied In industry 3652; radio and television receiving type tubes 
In industry 3671; ond television receiving type cathode ray tubes 
in Industry 3672. 

3652 Phonograph    Records   (S-99;   C-97).—Establishments   primarily   en- 

gaged in manufacturing phonograph records and pre-recorded 
magnetic tapes. Establishments primarily engaged In manufactu- 
ing electronic equipment for home entertainment, except records, 
are classified in industry 3651, 

366 COMMUNICATION EQUIPMENT: 
3661 Telephone   and   Telegraph   Apparatus   (S-95;   C-95) '.Establishments 

primarily engaged In manufacturing wire telphone and telegraph 
equipment and parts especially designed for telephone and tele- 
graph use. 

3662 Radio and Television Transmitting, Signaling, and Detection  Equip- 

ment and Apparatus (S-88; C-9I).—Establishments primarily en- 
gaged In manufacturing (1} radio and television broadcasting 
equipment; (2) electric communicptlon equipment and parts, ex- 
cept telephone and telegraph; (3) electronic field detection appa- 
ratus, light and hejt emission operation apparafui, oblect detec- 
tion apparatus .id navigational electronic equipment, ond 
aircrc ft and mis lie control systems; and (4) oll.er electric and 
electronic commui.lcatlon and signaling products, n.e.c. Establish- 
ments primarily engaged in manufacturing transmitting tubes are 
classified in Industry 3673, 

367 ELECTRONIC COMPONENTS AND ACCESSORIES: 
3671 Radio  and  Television  Receiving Type Electron  Tube».   Except  Cath- 

ode Ray (S-89) C-95).—Establishment» primarily engaged In man- 
ufacturing radio and televi»Ion receiving type electron tube», ex- 

cept cathode ray tubes. E»tabll»hments primarily engaged In 
manufacturing Velevtslon receiving type cathode ray tube» are 
classified in industry 3672; transmitting tubes in Industry 3673; 
X-ray tube» In industry 3693; and electronic equipment for home 
entertainment, except tube», In Industy 3651. 

3672 Cathode Pay Picture Tubes (S-85-90; C-90).—Establishments primar- 
ily enbaged In manufacturing television receiving type cathode 
ray tubes. Establishments primarily engaged in manufocturing 
other rao: and television receiving type electron tube» are clas- 
sified  in  inojstry 3671;  ond transmitting tubes In  industry 3673. 
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Trar,,m Mmg    Irdu.lrlol    end  Spadcl   Purpo,,   Electron  Tub..  (S-80. 

C.75] -E.lobhihm.nl.  primarily  ,nga8.d  In  manufaclUrln« Iran.! 
mdlmg,   mdmlriol,  and  ip.ciol  purp,,,,  ,|,c„on   („b,,    Ellab|ilh. 

mtnll primely ergag.d in morufocHrring radio and t.l.vl.ion 
ron.mlthng «quipm.nt or. cla..ined In induilry 3662, radio and 
el.vmon   ,,t.i,in,   tub«   In   Indu.lry   3671;   t.l.vl.ion   r.c.iving 

typ, calhod. ray  tub..  In   Indu.try  3672;   ond   X-ray tub..  In  In. 
du.try 3693. 

Semiconductor (Solid Stote| and Related Device. 15-88 C-92) —E. 

tcbl,.hm.„l. primarily engag.d In monufocturing «mlconductor 
(»IM .tat.) and r.lol.d devlc... .uch a, ..mlconductor died., 
and .lack., including rectlflet.; tran.l.lor.; .olar cell., ond light 
.en.itive lemiconductor (.olid .tale) device.. 

Thll indu.t^wa, not included  in  the Standard  Indu.trlol Clo„if|. 
cation In 1958.  In the latter year It wo. port of indu.try 3679, 

Electronic Component, and Acce..oriei, N.E.C. (589. C-78) —El 

tobli.hm.nt. primarily engaged In manufacturing .peclalty'r..i..' 
tor. for .l.ctronic end product,,- Inductor.; eletronic tran.former. 
ond copactor.; and other electronic component., „.,.,, 
E.tabl,.hment. primarily engaged in manufacturing re.i.lor. in- 
ductor., and transformer, for telephone and telegraph apporolu. 
are clo,„fl.d in indu.try 3661; electric lamp, in indu.try 3641- 

and   «mlconductor   (.olid   .fate)   and   related   device,   in   indu.try 

Thi. indu.try 

du.try 3674, 
3679. 

i   1963  differ,  from 
leparate   Indu.try 

the  cla..iflcotion in  1958.   In. 
n   1963,   wa.   formerly   port  of 
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^ippncLcANE0US ElECTRICAL MACHINERY EQUIPMENT AND 

Stores. ,.-m,ri.. (S.98; C.99)._E.tabli.hm.nl. primarily .ngog.d 
in th. mjnufactur. of .torag. batt.ri.. for automobil., truck, 
farm tractor, and bu..., a, w.ll a. „arag. batt.ri., far farm 

u..., communication, .y.t.m. and railroad equipment. Part, for 
itorage   batterie.   ore   al.o   included   in   lhi<   indu.try. 

Primary Batterie,, Dry and Wet (S-9«; C-91|._E,labliil,m,nt, p,|. 
manly .„gaged in the manufacture of dry ond wet cell primary 

batlene, for ftdlhllghtl, railroad lantern, hearing aid., portable 
rodloi, form radio,, and general purpo.e. a. well a. port, and 
.upphe. for primary batterie.. 

Rodiogrophic X-ray Fluora.coplc X-ray and Other X-ray Apparatu. 

and Tube. (S.83; r.SOI.-E.tabli.hment, primarily .ngag^d in 
monufactur.ng radlogwphl. X-ray, fluaro.coplc X-ray, and thora- 

peut.c X-ray apparatu, and lube, for medical, Induiti.al, re.earch 
and control applicalion.. E.labll.hment. primarily engaged in 
manufocturlng rod,» receiving type tube, are cla.,lfled In indu.try 
1671; ,.l.v,„on receiving cathode ray tube. In Indu.try 3672- 

tron.m.lt.ng tube. In Indllllry 3673; ond eleclrotheropeutic lamp 
unltl for ultra-violet and infra-r.d radiation in indu.try 3641. 

Electrical Equipment lor Internal Combu.lion Engine. (S-93; C-SI) 

-E.tobl„hment. primarily engaged In manufacturing ele.-rical 
«tu.pm.nt for mt.rnol combu.lion engine.. Imporlanl product, of 
»Ml .ndu.lry  mclude .tartlng  motor, and  generator, for oute no- 

til" . 0"Cr, ,' ^nd 'am°n <"""'"■<'" '«>' infnol combu.- 
ion engme.. Including .pork plug., magneto., coll., and di.- 

iriDUiorii 

Eleclrlcol Machinery, Equipment, ond Supplie. N.E.C. (S-90; C- 

49 »).-E. abll.hment. primarily engaged in manufacturing elec 
tncal machinery, equipment ond .upplie.   n.e.c. 

TRANSPORTATION EQUIPMENT 

■»„„„(„V''-    mal^    0rOUP     lnelu,'•,     •'"■bll.hm.nt.     engaged     In 
monufacturing  equipment „on.portation   of  pa..enger. ond  cargo 

m.n       i     .«! / •    I"'"-     "'"""""  ''""'""  P'o^ced   by e.lobll.h- 

.hp bay;  M ' * moi,or ,"oup inciüda mo"" «hici"' •"•'. 
louin'm    .    '.'     0ad   ,,<",ipm•n,•   ""«I   mi.cellaneou.   tran.porlotlon 
equipment ,uch a. motorcycle., bicycle., ond hor.e drawn vehicle.. 

MOTOR VEHICLES AND MOTOR VEHICIE EQUIPMENTt 
TrqakoeadndnB.'i,' B°di,,, ,S'88i I

C-e«).-E.t0bll.hm«,t, primarily en- 
gaged m the manufacture of truck and bu. bodle., for .ale .ep- 
arotely „r for a,..mbly on purcha.ed cho..i,. E.tabll.hment. pri- 
marily engaged In manufacturing complete truck, and bu.,e, are 

■nd L™ ' •' J
u,,:y VA7,-ond "omped bod>' <"">'«'"^i" and bui.e, in indu,try 3461. 

Truck Trailer. (S.92, C.93)-.E.tobll.hment. primarily engaged In 
the manufacture of truck trailer, and truck trailer cho.,1, fi .ale 
«parately, but ,».1 engaged In manufocturlng complete truck, 
and bu,.... E.tobli.hments primarily engaged ,„ manufacturing 
trailer bodie. are clo..lfled In Indu.lry 3713. Tho.e primarily en 

T., "l'"r'-""i"a """'">" <■<" •'aller, are cla.,lfled In In- 
du try 3799, and tho.e primarily engaged in manufacturing 
tiailer coache. are clat.lfled In lndu,try 3791. 
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3717 Motor Veh.cle, and Part, (5-97; C.98)'.-E,tobll.hn,ent. primarily 

engaged In manufacturing or o..embly of complete pa..enger au- 
omobile., car bodle., truck., commercial car. ond bu..e. (except 

trackle.. trolley, indu.try 37421, .pecial purpo» motor vehicle, 

.uch a. ambulance., fire engine., taxicob., ,coul car,, p.Monnel 
corner, amphibian motor vehicle,, ond »l.cted part, and acco,- 
.one. for molar vehicle.. E.tabll.hment. primarily engaged in 
manufacturing motor vehicle, on purcho,.d chaull (ambulance. 
Are engine., etc.) are claulfled In Indu.try 3713. 

In the 1963 Cen.u. of Manufacturer., a. In 1958 the 
three SIC indu.trie. (3711, 3712, ond .1714) hov. b..n combin.d 

b.cau.e of a moior problem of defining the reporting unit in 
term, of the.e indu.trie,. Thl, difficulty arl,e, from the fact that 

many large e.tabll.hment. have integrated operation, which In- 
elude the production of part, or bodle. ond the o..embly of 
complete vehicle, at the .ame location. 

Included In indu.try 3717 ore ,uch part, a, pa„enger-car bodle, 
motor vehicle engine, (except die,el), brake,, dutch«, axle, ro- 
diotor., d.fferential., Iranimtilleni, wheel, ond frame., wind- 
,hield wiper,, automotive bumper«, cam.hoft., connecting rod., 
crank.hoft a,,emblie,, cylinder he.d., drive ,haft,, exhau,t ,y,. 
tem, fuel ,y.lem., healer., hood., horn., in.trument board o.- 

MmbllM, lubrication .y.tem,, muffler,, power-tran,mi,,ion equip- 
ment, rear-axle hou.lng., .hock ab,orber,, .leering mechani.m., 

umvenol lomt., wheel rim., wind.hield frame., and automobile 
occenon«!, n.e.c. 

A con.ld.roble number of componenl., port,, ,nd acce,,orle. for 
motor vehicle, are not cloulflgd in indu.lry 37 7 but ore cloill- 

fled In other Standard lndu,t,lal Cla,,iflcalion Inlu.trie, ba,ed on 
the charocterl.tic of the product il.elf rather than th, u.e to 

which It 1, put. Among the more Important of the.e ore outomo- 

t'i!, !• i'"' ind'",rV :!429, ou,om°'i" .lamping., indu.try 
J46I, die-ol and ,emldl,,.l ,ngln.., Indu.try 3519; scaled beam 

and othe electric lamp., Indu.try 3641, motor vehicle lighting 
fixture., indu.try 3642; tire and inner tube., indu.try 3011; oulo- 
mobll, ,la„ lndü,try 3211; ignition .quipm.nt ,uch a, .park 
Plug., ii.tributar,, ,wllch.,, ignition coil,, g.n.rotor,, cranking 
motor,    etc.,   indu,try 3694;  .lo.age bulterie,,  lndu,try 3691;  au- 

i0m.0 «,» ,0,• indU"ry 3"l; a,,d carburetor, and pi.lon., in. duilry 3599. 

AIRCRAFT AND PARTS: 
Aircraft (5-69, C.96).-E.tabll.hm.nl£ primarily engaged in monu- 

toctunng or o..embling complete aircraft. Thl. indu.try Include, 
e, obli,hment. primarily engaged in factory type aircraft modifl- 
cahon on a contract or fee bo,l,. E.tabll.hment. primarily en- 
gaged in manufacturing engine., propeller., and other aircraft 
pari, and auxiliary equipment ore classified In Indu.trie. 3722, 
J/*J, and 3729. 

Aircraft Engine., and Engine Port. (5-87, C-93).-E.tabli.hment. 
primarily engaged in monufocturing aircraft engine., complete 

mi.„le or .pace vehicle engine, and/or propul,lon unit, ond 
their part.. 

Aircraft Propeller, and Propeller Part. (5-48, C-8I).-Eitabli,hmenl. 
primarily er gaged in manufacluring aircraft propeller, ond pro- 
peller port,. 

Aircaft Part, and Auxiliary Equipment, N.E.C. (S-75. C-59) —E,- 

tabll.hment. primarily engaged In manufacturing aircraft' part, 
ond auxilrary equipment, n.e.c. E.lqbll.hment. prlmqrlly engaged 
in manufacturing or a.,embllng complete aircraft or. claultod In 
indu,lry 3721, aircraft engine, and part, in lndu,try 3722 pro- 
peller, and propeller part. In Indu.try 3723, aoronauticol ln,tru. 
m,nt. In indu.try 3811, and ooronautical .l.ctrical «qulpm,nl in 
Industry 3694. 

SHIP AND BOAT BUILDING AND REPAIRING: 
Ship Building ond R.poirlng (5-92; C-99).-E,tobli.hmenl. primarily 

engaged in building and repairing all type, of ship., barge, 
canal boot, and llghlei.. whether propelled by .all or motor 
power or towed by other craft. Thl. indu.try al.o included (he 

con,er.on and reconv.r.lon of ,hip.. E.labli,hm,nt. prlmorily en- 
gaged In fabricating .truclurol q..emblie. or component, for .hip. 

or .ubcontroctor. engaged In .hip painting, joinery, carpentry 
work    electrical   wiring   In.tallalion.    etc.,   are  not  clo.,llled   In 
mis   industry. 

Boo' Building and Repairing (5-97; C-95).-E,lobll,hment, primarily 
engage-' In building ond repa' Ing of boat,, except rubber boat. 
(Indu.lry 3069). E.tabll.hment. primarily engaged In cleaning 

ond .taring boot, ond the rental of dock .pace, and yacht club, 
ore clos.ifled in nonmanufacturlng indu.trie.. 

RAILROAD EQUIPMENT: 

Locomallve.  and  Part.  (8.83,   C-90'—E.tabll.hment.  primarily en. 

»aged   in   building  and   rebuilding  locomotive,  (Including  frame. 

3722 

3723 

3729 
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381 

3811 

and parti, n.e.c) of any type or gauge. Railroad ihopi rebuild- 
ing and repairing locomotives, or building new locomolivei, are 
claisified in Major Group 40. 

Railroad and Street Con (S-91; C-93).—EilabliihmenM primarily 
engaged in building and rabuilding railroad, itreel, and rapid 
transit cart and car equipment for operation on railt for freight 
and posiengcr service. This industry alia includes establithmenls 
primarily engaged in manufacturing tracklett trolley bustei. Es- 
tablishments primarily engaged in manufacturing mining cart are 
classified in industry 3532. Repair shops owned and operated by 
railroad or local transit companies, rebu' ding or repairing can, 
or building new cart for their own accoi it, are classified in Ma- 
jor Groupt 40 and 41. 

MOTORCYCLES,  BICYCLES,  AND  PARTS: 
Motorcycles, Bicyclet, and Partt (S-83; C-93).—Eitablishmenti pri- 

marily engaged in manufacturing motorcycles, bicyclet, and simi- 
lar equipment and parts. Establishments primarily engaged in 
otsembling motorcycles or bicyclet from purchased parts ore also 
included in this industry. Ettoblishments primarily engaged in 
manufacturing children's vehicles, except bicylet, ore clatsifled 
in industry 3943. 

MISCELLANEOUS TRANSPORTATION  EQUIPMENT: 
Trailer Coaches (S-98; C-99),—Establishments primarily engaged in 

manufacturing trailer coaches (mobile dwellings) for attachment 
to passenger cart and pickup coaches {campers} for mounting on 
pick-up trucks. 

_julpment, N.E.C. (5-89; C-75).—Eslobllthments pri- 
marily engaged in manufacturing transportation equipment, n.e.c. 
Establiihm 

362 

3821 

3822 

Transportation  Eq«i^M.r   ., 
marily  engaged  in   manufacturing  transport a 
Establiihmentt primarily engaged in manufacturing industrial 
truckt, tractors, trailers, and stockers are c attifled in induttry 
3537,  and   children's  vehicles,   except   bicydei,   in   induttry  3943. 

PROFESSIONAL   SCIENTIFIC, AND CONTROL NO 
INSTRUMENTS;   PHOTOGRAPHIC  AND  OPTICAL  GOODS; 

WATCHES AND CLOCKS 
This major group ncludet ettablishmenls engaged in manufac- 

turing mechanical measuring, engineering, laboratory, and icientific 
research intlrumontt; optical inttrumentt and lenset; surgical, medical, 
and dental inttrumentt, equipment, and tuppliesj ophthalmic goods; 
photographic equipment and supplies; and watches and clocks. Estab- 
lishments primarily engaged In manufacturing instruments for indicat- 
ing, measuring, and recording electrical quanliliei and characteritlics 
are clottified in induttry 3611. 

ENGINEERING, LABORATORY, AND SCIENTIFIC AND RE- 
SEARCH INST'UMENTS AND ASSOCIATED EQUIPMENT: 

Engineering, Laboratory, and Scientific and Research Inttrumentt 
and Atsoeiated Equipment. [S-84; C-56).—-Eitablishmenti pri- 
marily engaged in manufacfuring laboratory, scientific, and en- 
gineering inttrumentt tuch at nautical, navigational, aeronauti- 
cal, surveying, drafting, and instruments for laboratory work and 
scientific research (except optical inttrumentt, induttry 3831). Ei- 
tablithmenlt primarily engaged in manufacturing turgkal and 
medical inttrumentt are clastlfied in indutt / 3841; dental inttru- 
mentt and equipment in induttry 3843; mechanical meoturing 
and controlling instruments in induttry 3821; machinittt' precition 
measuring toolt in induttry 3545; instrumenli for indicating, 
measuring, and recording electrical quantities and characteritlict 
in induttry 3611; watches and clocks in industry 3871; measuring 
and dispensing pumps in industry 3586. 

INSTRUMENTS   FOR  MEASURING,  CONTROLLING,  AND  IN- 
DICATING  PHYSICAL  CHARACTERISTICS: 

Mechanical Measuring and Controlling Inttrumentt, Except Automat- 
ic Temperature Controls (S-90; C-83).—EstaL'Ishments primarily 
engaged in manufacturing industrial procest intl-umenlt for indi- 
cating, recording, measuring and controlling temperature (except 
automatic temperature controls, industry 3822), pretture and vac- 
uum, fluid flow and liquid level, mechanical motion, rotation, 
humidity, density, acidity, alkalinity and combustion; dial pret- 
luro gauget; physical property testing apparatus tuch as hard- 
ness, tention, compression, torsion, ductility, elattkity testing ap- 
paratus. 

Automatic Temperature Controls (S-82; C-95).—Establithmentt 
primarily engaged in manufacturing automatic temperature con- 
trolt activated by pretture, temperature, level, flow, lime, or 
humidity (including pneumatic controls) of the typo principally 
uted at component! of household apparatus. Ettablishmentt pri- 
marily engaged in manufacturing induttriol electric controlt tire 
Clattified   in   induttry   3622. 

383 
3831 

OPTICAL  INSTRUMENTS  AND  LENSES: 
Optical   Inttrumentt   and   lenses   (S-90;   C-6I1.- -Establishments   pri- 

marily engaged In the production of optical lenses and prisms, 
and In manufacturing optical imtrumenti tuch as microicopei, 
teleicopes, field and opera glosses; and optical measuring and 
testing instruments tuch at refractometen, ipectrometan, spectra* 
icopei, colorimeter«, polaritcopei. Ettobtiihmentt primarily en- 
gaged in manufacturing eyez'att lernet, framet, or flttingi ara 
clostifled in industry 3651; and thote engaged in manufacturing 
sighting and fire control inttrumentt, but not engaged in manu- 
facturing optical componenti, in induttry 1941. 

384 SURGICAL,   MEDICAL,   AND   DENTAL   INSTRUMENTS   AND 
SUPPLIES: 

3841 Surgical  and Medical   Instrumenli and  Apparatus  (5-88;   C-74).—t-- 
tabliihmentt primarily engaged in manufacturing medical, surgi- 
cal, ophthalmic, and veterinary instruments and apparatus. 
Establithmentt primarily engaged in manufacturing surgical and 

orthopedic appliance! are classified in industry 3642; end elec- 
tro therapeutic, electromedical, and X-ray apparatus in industry 

3693. 

3842 Orthopedic,   Prosthetic  and  Surgical  Appliances  and  Supplies  [5-80; 
C-90).—Ettablithmenti primarily engaged in manufacturing or- 
thopedic, protthelic, and turglcal appliances and supplies, arch 

supports, and other foot appliances; fracture appliances, elastic 
hosiery, abdominal tupportert, bracet, and truttes; bandaget; 

surgical gauze and dressings; sutures; adhesive tapes and medi- 
cated plaslert; and pertonal tofety appliance! and equipment, Es- 

tablithmentt primarily engaged in manufacturing turgical and 
medical inttrumentt are clattified in induttry 3841. Ettobtith- 
ments primarily engaged in manufacturing appliances and in 

the personal fitting to the individual preicrlplion of a physi- 
cian are classified in trade induttriet. 

3843 Denial   Equipment   and   Suppliet   (S-94;   C-92).—Etlablishments   pri- 
marily engaged in manufacturing artificial teeth, dental metals, 
alloys and amolgamt, and a wide variety of equipment, instru- 
ments and supplies used by dentists, denial laboratories, and 
dental colleges. Dental laborntorlet conttructing artificial den- 

luret, bridget, inlayi and other denial restorations on specifica- 
tions   from   dentists   ore   clostifled   In   service   industries. 

385 OPHTHALMIC GOODS: 

3851 Ophthalmic  Goods   (S-86;   C-92).—Eitablishmenti  primarily engaged 
in manufacturing ophlhalmlc frames, lensei, and sunglass lensei. 
Eitabliihments primarily engaged in manufacturing illt lamp! are 
classified in industry 3841, and molded glass blanks in Industry 
3229. Establishments primarily engaged in grinding lensei and fit- 
tir j glaties to prescription ore classified In trade induitriei. 

386 PHOTOGRAPHIC  EQUIPMENT AND  SUPPLIES: 
3861 Photographic   Equipment and  Supplies  (S-95;   C-97).—Establishments 

primarily engaged in manufacturing (1) photographic apparatus, 
equipment, ports, attachments, and accessorlei, such as still and 
motion picture cameras and projection apparatus; photocopy and 
microfilm equipment; blueprinting and dlazotype (while printing) 
apparatus and equipment; and other photographic equipment; 
and (2) sensitized film, paper, cloth, and plates, and prepared 
photographic chemicals for use therewith. Establishments primari- 
ly engaged In nanufacturlng photographic paper stock (unsensi- 
tlzed]; and paper matt, mounts, easelt and folders for photo- 
graphic use are classified In Major Group 26; photographic lemes 
in industry 3831; photographic glass In Major Group 32; 
chemicals for technical purposes, not tpecifically prepared and 
packaged for ute in photography, In Major Group 26; and pho- 
tographic flash, flood, enlarger and prolection lamps in industry 
3641. 

:37      WATCHES,    CLOCKS,    CLOCKWORK    OPERATED    DEVICES, 
AND  PARTS: 

3871 Watches,   Clocks,  and   Parli   Except  Walchcases  (S-82;   C-95).—Es- 
loblishmnntt primarily engaged in manufaclurlng clockt (including 
electric), watches, mechanisms for clockwork operated devices, 
and clock and watch parts. This industry Includes establithmentt 
primarily engaged in assembling clocks and watches from pur- 

chased movements and cases. Establithmenls primarily engaged in 
manufacturing watchcasei are classified in industry 3872, glass 

crystali in Industry 3231, and unbreakable crystals in industry 
3079. 

3872 Watchcasei  (S-86;  C-97,   —Eitabliihments primarily engaged in the 
manufacture of watchcases, for sale as tuch. Etlablithments pri- 
marily engaged In assembling complete watches by assembling 
purchased movements with watchcatet of their own manufacture 
are clostifled In Industry 3871. 

39 MISCELLANEOUS MANUFACTURING INDUSTRIES 
This   major  group  includes  establithmenls  primarily engaged   In 

manufacturing   products  not  tiSbssifled  in  any  other   manufacturing   ma- 
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lor group. Induitrlti In ihli group fall Into tho following calogorlon 
lowolry, illvorworo and plcird warn nuiltol Inilrumonln toyi, «port- 
ing and athloilc goodn pom, punclli, and olhor oWeo and arlliti' 
maloilalii bultoii, coitumo novoltloi, tnlicollanooui notlom, breomi 
and bruihtu morllcloni' goodi, and athor mlicollanooui manufactur- 
ing Induilrloi. 

JEWELRY, SILVERWARE, AND PLATED WARE, 
Jowolry (Procloui Motal) IS-92, C-97).—Eilabll-.hmonli primarily on- 

gaged In manufacturing jowolry and othor arllcloi, worn on or 
carried about the ponon, made of precioui metoli with or with- 
out itonei (Including the totting of itanoi where lionet ore 
uted), including cigarette catel and lighten, vanity tatet and 
campaclt; trlmmingt for umbrellat and canet; and jewel teltlngt 
and mountingi. Eitoblithmonti primarily enn-ied In manufactur- 
ing cottume jewelry from nonprociout mjtr ; and other materlall 
are claitifled In induttry 3961. 

Jovelcn' Flndlngt and Malerlalt (5-92, 0-691.—Ettabllrhmentt pri- 
marily engaged in manufacturing unatiembled jewelry parti, and 
tlock thop producli tuch at thoot, wire and tubing. Ettablilh- 
mentt primarily engaged In lapidary work are claitifled In 
Induttry 3913. 

lapidary Work (5-93; C-811.—Ettablithmenli of lapldarlet primarily 
engaged in culling, tlobbing, tumbling, carving, engraving, pol- 
ithlng, or faceting tlanei from natural or man-made preclout or 
temi-precloui gem row moterialt, either for tale or on a contract 
batii lor the trade; In reculling, repalithing, and letting gem 
itonei; or In culling, drilling, and otherwite preparing Jewell lor 
initrumenti, diet, wotchet, chronomelert, and other induttrial 
utet. Thit induttry includet the drilling, tawing, and peeling of 
real or cultured poarli, but doet not include the manufacture of 
artificial pear'i (induttry 3961). 

Silverware, Piated Ware, and Slainlett Steel Ware (S-95; C-981.— 
Etlobliihmentt primarily engaged in manufacturing flatware (in 
eluding knivet, forkt, and tpoont), hallow ware, toilet ware e - 
cletiaitical ware, and related producli made of tterling tilver, of 
metal plated with tilver, gold, or other metal, of nickel illver, 
of pewter; or of tloinlett tleel. 

■■flatware" it defined for purpotet of the centut at all knivet, 
forkt, tpoont, etc., made wholly of metal, including ttoinleti 
tteel knivet, forkt, and tpoont, and carving tett with metal han- 
dlet. Kmvet, forkt, tpoom, etc., with handlet of moterialt other 
than metal are Included in induttry 3421. 

MUSICAL INSTRUMENTS; 
«utical Initrumenti (5-97, 092).- Eitoblithmonlt prinarily engaged 

In manufacturing pianoi, with or without player attochmenti; or- 
gan; other mutical  initrumenti; and parti and moterialt for mu- 
tical initrumenti. 

TOYS, AMUSEMENT, SPORTING AND ATHLETIC GOODS, 
Gomel and Toyi, Except Dalit and Children^ Vehiclet (S-92; C- 

91).—Eitoblithmonti primarily engaged in manufacturing Indoor 
garnet and game tell lor odultt and children, and mechanical 
and nonmechanical toyi. Imporlanl producli of thit induttry in- 
elude gomet tuch at chett, checken, dominoet, punlet and 
other indoor garnet, and loyt, tuch at toy furniture, doil carrl- 
oget and tartt, conttruction tett, mechanical traint, toy gum 
and air riflei, and other mechanical gamei and toyi. Eilabllih. 
menti primarily engaged in monufocturing dollt are claitifled in 
mduilry 3942; children^ outdoor wheel gaodt and vehiclet ex- 
cept b.cyclei, in induttry 3943, and iporting and athletic gaodt 
lor children and adulli in induttry 3949. 

Dollt (S-SO-eS;  C-87)._Eilabli.l,menlt prinarily engaged in  manu- 
lacturmg   dolli,   doll   porlt,   and   doll   clothing.    Eitablithmentt 
primarily  engaged  in   manufacturing   .luffed   toy  animall  are alto 

n thit induttry. included in thit Induttry. 

3943 Children, Vehiclet, Except Bicyci.t (5-71; CMI.-Eilabllthmenlt 
primarily engaged in manufacturing baby carriagei, iti-ollen and 
gocarlt; children-i velocipedei and tricyclet, coatter wagont, play 
cart, tledt and other children^ outdoor wheel gaodt and vehic- 
clet,  except bicyclei  (induttry  3751). 

3949 Sporting and Athletic Good., N.E.C. (S-93, C-91 j.-Etlablithmenl. 
primarily engaged in manufacturing iporting and athletic goadt 
n.e.c., tuch at flthing tackle; golf and tonnit gaodt; bateball 
toolball, batketball, and boxing equipment, roller tkatet and ice 
ikalei; gymnaiium and playground equipment, billiard and pool 
tablet; and bowling alleyt and equipment. Etlabliihmentt primar- 
ily engaged in manufacturing athletic apparel are claitifled in 
Major Group 23, tmall armt ammunition in induilry 1961 and 
flrearmt in induttry 1951. 

395 

3951 

3952 

PENS,    PENCILS,    AND    OTHER    OFFICE   AND    ARTISTS' 
MATERIALS, 

Pom, Pen Polnlt, Fountain Pom, Ball Paint Pom, Mechanical Pnnclit 
and Parti (5-90, C-93).—Eifabllihmontt primarily ongagoj In 
manufacturing pom, pen polnlt. fountain pom, ball point pom, 
refill cartridge!, and parti for pent and mechanical ponclli. 

Lead Ponclli, Crayon«, and Arllttt' Material) (S-87| C-90).—Eilab- 
liihmonli primarily engaged In manufacturing load ponclli, pencil 
loadi, and crayont, materiell and equipment for art work luch oi 
alrbruthot, drawing tablet and boardt, palettm, ikotch baxoi, 
pontographt, arllttt' colon and waxoi, pyragraphy gaodt, draw- 
ing Inkt, and drafting malerlalt. Ettabllthmonlt primarily en- 
gaged In manufacturing mechanical ponclli are claitifled In In- 
duttry   3951,   and   drafting   Initrumenlt   In   induttry  3811. 

Marking Devlcet (S-84, C-90).—Etlabllthmontt primarily engaged In 
manufacturing rubber and motal hand ttampt, diet, and teall, 
•leel letlert and flgurst, and tlencllt far ute In palnllnr or mark- 
ing. 

Carbon Paper and Inked Ribbam (S.95, C-83).—Etlobllthmenli pri- 
marily engaged In manufacturing carbon paper for butineti ma- 
chinet, talot toakt, ate, tplrlt or gelatin proceti and other 
itendl paper; and Inked ribbam for butineti mochlnot. 

COSTUME JEWELRY, COSTUML NOVELTIES, BUTTONS, AND 
MISCELLANEOUS NOTIONS, EXCEPT PRECIOUS METAL, 

Cottume Jewelry and Coitume Novgltl«, Except Preclout Metal (S- 
95, C-95).—Ettabllthnwnli primarily engaged In manufacturing 
cottuue jewelry, catlumo novoltiot, and ornqmentt made of all 
malerlalt, except preclout metal, preclout or temiprocioui itonei, 
and  rolled gold  plate  and gold  filled malerlalt  (Induttry 3911)! 

Foothcn, Plumet, and Artificial Flowert (S-97, C-87).—Ettablith- 
menli primarily engaged in manufacturing orllflciol flowert, 
frullt, and foliage made from all malerlalt except glatt (Induttry 
3231), In producing fancy feathert, plumet, o-.d articlet made 
principally of feathert and plumet, and curli." dyeing, and ren- 
ovating ottrich feathert for the trade. 

Butlom (5-96, C-87).—Etlabliihmentt primarily engaged in manu- 
facturing butlom, button parti, and button blankt and molds, of 
all malerlall except preclout metal and preclout or temiprecioui 
lionet (induttry 3911). 

Needlet, Pint, Hookt and Eyet, and Similar Natlam (5-91, C-92). 
—Ettablithnentt primarily engaged In manufacturing nolioni, 
tuch at machine and hand needlet. pint, hookt and eyet, oye- 
leli, bucklet, and tilde and map fattonen. 

399      MISCELLANEOUS MANUFACTURING INDUSTRIES' 
3991 
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Broomt and Bruthet (S-89, C-93).—Ett;, .ithmenli primarily en- 
gaged in manufacturing hautr-hald, Induttrial, and ttreet tweep- 
Ing broomt, and bruihet luch at palm bruthet, loolhbruthet, 
toilet bruthet, and household and Indutlrial bruthet. Thit Indut- 
try under the previout clatlillcatian tyitem wot induttry 3981. 

Signt and A,verliting Displays (S.96, C-95).—Eitablithmentt pri- 
marily eruiaged in manufacturing electrical, mechanical cutout, or 
plate tigm and advertiting displays, Including neon tlgnt and 
cdvertltlng noveltlet. Sign painting thopi doing business on a 
cuttam basis are claitifled In tervice industries. Etlablithmentt 
primarily engaged in manufacturing electrical tignal equlpm.. i 
are claitifled in induttry 3662, and lighting flxturet In induttry 
3642. 

Morliclanr Gaodt (S.9J; C-98).—Ettoblithmonli primarily engaged 
in -ufacluring catkett, cofflnt, burial catot, and coffin thlp- 
pmg i,  whether of  wood  or other  material, except concrete 
(induttry 3272), mortician^ supplies and accessories, tuch at bur- 
lal garmenlt, glovet, slippers, catket lining,, and embalming 
fluidt, and martlclam' paraphernalia and equipment. Thii Indut- 
try under the previout claiilficalion tyttem wot induttry 3988. 

linoleum, Aiphalted-Felt-Bate, and Othor Hard Surface Floor Cover- 
ing!, N.E.C. (S-82; CI98).—Ettablithmenli primarily engaged in 
manufacturing linoleum, atphalted-felt-baie, and other hard tur- 
face floor covoringt, n.e.c. Etlabliihmentt primarily engaged In 
manufacturing rubber floor covoringt are claitifled in induttry 
3069, and cork floor and wall til« In Induilry 2499. Alia exclud- 
ed are eitablithmentt primarily engaged In manufacturing umup- 
ported plaitic floor coveringi (Induttry 3079), and aiphall tile 
and vinyl asbestos floor tile (induttry 3292). Thit induttry un- 
der  the  previout   clattlflcatlon   lyilem   wot   induttry  3982. 

3999 Manufacturing Indutlriel, Nat Eltowhere Claitifled (S-N.A., C- 
N.A.).—Etlobliihmentt primarily engaged In manufacturing mlt- 
cellaneout fabricated product!. Including  beauty ihop and barber 
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shop equipment,- hair work,- lobocco pipes and cigoreffe holden; 
coinoperaled amuiemenl machines,- matches; candles; lamp 
shades, dressed and dyed furs; umbrellas; parasols and canes; 
and other articles, not elsewhere classified. 

The code number lor this industry ir the Sladard Industrial Clai- 
sificotion Manual Is 'inchanged, but the content of the industry 

has been changed fron the previous classification system. The 
composition of the industry as now constituted is due principally 
to the inclusion of matches |3983|; candles (39841; lamp shades 

13987), furs, dressed and dyed (3992); and umbrellas, parasols, 
and canes (3995) In industry J999. 

ORDNANCE AND  /CCESSORIES 

This mojor group includes establishments engaged in manufac- 
turing artillery, small arms, a, J related equipment; ammunition; com- 

plete guided missiles; tanks and specioliied lank ports; sighting and 
fire control equipment; and miscellaneous ordnance and accessories 
n.c.c. 

GUNS,  HOWITZERS,  MORTARS,  AND   RELATED   EQUIPMENT 

OVER 30 MM (OR OVER 1.18 INCHES): 

Guns, Howilrers, Mortars, and Related Equipment (S-N.A.; C-N.A.). 
—Establishments primorily engaged in manufacturing rioval, oir^ 
craft, antioircraft, tank, coast and field artillery having a bore 

over 30 mm (or over 1.18 inch) and components. Establishments 
pnmanly engaged in manufocturing smali arms and ports 30 mm 
lor 1.18 inch) an! below are classified in industry 1951. 

192       AMMUNITION,  EXCEPT FOR SMALL ARMS: 

Guided Missiles and Space Vehicles, Completely Assembled (S-94; 
C-69).—Establishments primarily engaged in manufacturing com' 
plete guided missiles and space vehicles and In doing research 

and development on complete guided missiles and space vehicles. 
Establishments engaged In manufacturing guided missile compo- 

nents and in doing research and development on guided missile 
components are classified in industry 3729. 

Ammunition, E«cept for Small Arms, N.E.C. (S-70; C-82).—Eslab- 
llshiienls primarily engaged in monufacturing ammunition, n.e.c. 
or ir lo-jdlng and assembling ammunition over 30 mm (or over 
1-18 inch) lor naval, aircroll, antiaircraft, tank, coast, and field 
artillery; including component parts. This industry also includes 
establishments primarily engaged in manufacturing bombs, mines 

torpedoes,  grenades,  depth  charges,   chemical   warfare  proiecliles 

1931 

194 

1941 

195 

1951 

1961 

and their component ports. Establishments primarily engaged In 
manufacturing small arms ammunition are classified In industry 
19ÖI:   exolosivet    In    inHucfn,   OROO   „„.i    _:i:i     »..L-t^ 

        _.       _.....,_ „.,      ......       kiuKiilUU      ill      lllU 

ilosives   In   industry   2892   and   military  pyrotechnics 
classified in industry 2899. 

stry 
or« 

193      TANKS AND TANK  COMPONENTS: 

Tanks and Tank Components (S-95; C-79).—Establishments primarily 
engaged in manufacturing or assembling complete tanks, and 
specialijed components for tanks. Establishments primorily en- 
gaged in manufacturing military vehicles other than tanks are 
classified   In   Industry   Group   371   and   tank   engines   in   industry 

SIGHTING AND FIRE CONTROL EQUIPMENT: 

Sighting and Fire Control Equipment (S-57; C-80).—Establishment! 
primarily engaged in manufacturing sighting and fire control 
equipment, but which are not engaged in manufacturing optical 
lenses ond prisms. Important products of this industry Include 

bomb sights, percentage correctors, wind correctors, directors and 
sound locators. Establishments engaged in manufacturing optical 
lenses and prisms and also manufacturing sighting and fire con- 
trol equipment are classified In industry 3831. 

SMALL ARMS: 

Small Arms (5-95; C-82).—Establishments primarily engaged In 
manufacturing small firearms having a bore 30 mm (or i.18 
inch) and below, and parts for small firearms. Estoblishmenls pri- 
marily engaged in manufacturing artillery and mortars having a 
bore over 30 mm (or 1.18 inch), and components parts are 
(lassified in industry 1911. 

196      SMALL ARMS AMMUNITION: 

moll Arms Ammunition (S-e5-90; C-92|.—Establishment, primarily 
engaged in manufacturing ammunition for small arms having a 

bore of 30 mm (or 1.18 inch) and below. Establishments pri- 
marily engaged In manufaclurlno ammunition except for small 
arms are classified in Industry Group 192; blasting and detonat- 
ing caps, and safety fuses in industry 2892; and fireworks In in- 
dustry 2899. 

199      ORDNANCE AND  ACCESSORIES, N.E.C: 

1999 Ordnance and Accessories, N.E.C. (S-78; C-69").—This industry 

comprises establishments primarily engaged in manufacturing ord- 
nance  and accessories,   n.e.c. 

i 

C-25 
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Table D-l 

THE CHANGING COMPOSITION OF FEDERAL EXPENDITURES 
FISCAL YFARS 1963,  1970 AND 1973 

$ ßiflion Perce 'ntage of Total 
1963 1970 1973 1963 1970 1973 

Defense, space,  foreign 
affairs 58.9 87.7 88.0 53 44 34 

Older income maintenance 
programs 28.4 49.8 74.9 25 25 29 

Major "Great Society" 
programs 1.7 21.2 35.7 2 11 14 

Commerce, transportation. 
natural resources 7.6 11.6 16.5 7 6 6 

President Nixon's new 
initiatives • • • • • • 6.4 • • • • 2 

Interest (net) 7.7 14.4 15.5 7 7 6 

Other programs 7.2 13.6 19.3 6 7 8 

Total 111.5 198.3 256.3 100 100 100 

Expenditures as a percentage of full employment gross national  product 

Total 18.4       20.3       20.5   

Total,  less defense,  space 
foreign affairs 8.7        11.3 13.4 

Source; 
The Budget of the United States Government,  for fiscal years 1973,  1972, 
and 1965,  see C.  L.  Schütze, e^ al..  Setting  National  Priorities,  The 
1973 budget,   Washington,  D.C.:    The Brookings Institution,  1972. 
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Table D-4 

RELATIVE DOD PROCUREMENT TRENDS 
(currenf dollars) 

DOD 
Procuremenf 1963 1968 1972 

Change in 
Percentage 

Points 1963-72 

As % of the GNP 2.9 2.8 1.7 - 1.2 

As % of the Federal budget 14.9 13.0 7.9 - 7.0 

As % of the DOD budget 33.4 29.7 24.5 - 8.9 

Source: 
Tables D-2 and D-5. 
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Table D-7 

Source: 

CURRENT AND 1958 REAL DOLLAR EXPENDITURES 
IN VARIOUS CATEGORIES 

($ Billion) 

Item 1963 1968 1972 

GNP 590.5 865.0 1089.5 

Current 

Government 
Spending 111.3 178.8 236.6 

Dollar DOD Budget 49.5 78.0 75.8 

Plrocurement 16.6 23.3 17.9 

GNP 551.1 707.3 769.4 

1958 
Dollar 

Government 
Spending 103.1 141.3 150.9 

DOD Budget 45.8 61.7 48.3 

Procurement 15.4 18.4 11.4 

"(1) The Budget of the  U.S. Government Fiscal  Year 1973 
(2) Economic Report of the  FVesident,  1972 
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Table D-8 

ITEMIZED DOD DIRECT PROCUREMENT FY1971-1973 
(in billions of dollars) 

FVocurement 
Item 

K      Aircraft 

2. Modification of 
aircraft 

3. Spares & repairs 

4. Support Equip.  & 
facilities 

TOTAL DIRECT 
AIRCRAFT PROCUREMENT 

1971 

3.483 

.834 

.959 

1.056 

6.332 

1972 

3.517 

1.035 

.890 

1.012 

6.454 

1973 

3.487 

.886 

.981 

.495 

5.849 

1. Anti-ballistic 
missile systems 

2. Other missiles 

3. Modification of missiles 

4. Missile spares & repair parts 

5. Missile Support equip. 

TOTAL DIRECT 
MISSILE PROCUREMENT 

1.697 1,717 1.755 

.733 .881 .966 

.167 .115 .097 

.116 .122 .128 

.678 .584 .742 

3.391 3.419 3.688 

Combat vehicles 

Ammunition 

.350 

2.159 

.214 

2.439 

.323 

1.767 

(Continued) 
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Table D-8 (conHnued) 

mf&mw*T!'fwy!*g 

FVocurement 
Ifem 1971 

.360 

1972 

.392 

1973 

1.       Fleet ballistic missile ships .779 

2.      Other warships 1.524 1.808 2.088 

3.      Amphibious ships .313 JOG .010 

4.      Mine warfare & patrol ships .005 .251 

5.      Auxiliary craft .160 .696 .435 

TOTAL DIRECT SHIP 
PROCUREMENT 2.357 3.001 3.563 

Ship Support Equipment 

Aviation Support Equipment 

Ordnance     " 

Supply 

Personnel 

Civil  Engr.    " 

Communications & Electronics 

TOTAL DIRECT SUPPORT & 
COMMUNICATION 

TOTAL DIRECT DOD 
PROCUREMENT 

Source: 

.541 .507 .532 

.278 .390 .377 

.896 .703 .836 

.628 .728 1.228 

.060 .032 .038 

.049 .040 .050 

.838 .762 .904 

3.290 

17.87? 

3.162 

18.689 

3.965 

19.155 

Note: 

The Budget of the U.S.  Government Appendix,   Fiscal Year 1973,   Executive Office of 
Management and Budget,  pp. 296-311. 

Differences from D-5 may result from variation!, in classification of miscellaneous category 
Differences from Table  I in text are due to rounding and variations in reporting of 

D-10 
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SIC 
Code 

19 

28 

2911 

3069 

33 

34 

35 

36 

37 

38 

Table D-9 

SHIPMENTS OF DEFENSE-ORIENTED INDUSTRIES TO DOD 
BY TWO DIGIT SIC CODE INDUSTRIES 

Induslry 

Ordnance 

Chemicals 

Petroleum Refining 

Fabricated Rubber 

Primary Metals 

Fabricated Metal 

Machinery 

Electrical 
Equipment 

Transportation 
Equipment 

Instruments and 
Related Products 

Shipment to 
DOD as % of 
the Total Value 
of Shipment of 
the  ind'jsirry* 

1967 

71.4 

12.2 

3.0 

.6 

4.4 

5.2 

6.9 

24.5 

42.7 

16.2 

% of Total 
DOD 

fVorurement 

1970 

18.3 

1.5 

2.0 

.6 

1.8 

1.2 

4.3 

21.1 

43.5 

3.7 

Shipment to 
DOD as % of 
the  Total Value 
of Shipment of 

the  Industry* 

71.6 

6.4 

1.5 

4.3 

2.1 

2.8 

4.6 

22.1 

53.2 

5.6 

% of Total 
DOD 

fVocurement 

21.9 

1.0 

1.2 

.4 

1.0 

.7 

3.8 

23.6 

43.9 

1.8 

Source; 
Shipments of Defense-Oriented  Industries in 1967 and 1970,   U.S.  Department of Commerce, 
Bureau of the Census (August 1969,  June 1972). 

includes only DOD-related industries. 
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Table D-10 

ORDNANCE (SIC 19) 
SHIPMENTS TO DOD - 1970 

SIC 
Code Industry 

Value of 
Shipments* 

Percentage of 
SIC    19 

1925 Guided Missiles $2,545.7 42.0% 

1929 Ammi'nition 2,283.3 37.6 

1931 Tanks 278.2 4.6 

1941 Sighting & Fire Control 31.4 .5 

1951 Small Arms 134.5 2.2 

1961 Small Arms Ammunition 413.5 6.8 

1911 Guns, Mortars \ 

1999 Ordnance &      j 
Accessories 

Totals 

379.6 6.3 

$6,066.2 100.0% 

SIC 19 constitutes 21.9 percent of the total shipments to DOD. 

Source: 
 Ibid. 

'(Millions of dollars) 

D-12 
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Table D-11 

ELECTRICAL MACHINERY (SIC 36) 
SHIPMENTS TO DOD - 1970 

SIC 
Code Industry 

Value ot 
Shipments * 

Percentage of 
SIC 36 

3611 Elect.  Measur.   Instruments $123.6 1.9% 

3612 Transformers 11.8 .2 

3613 Switchgear 13.0 .2 

3621 Motors & Generators 150.1 2.3 

3622 Industrial  Controls 20.9 .3 

3643 Current Wiring Devices 4.0 .1 

3644 Noncurrent Wiring Devices 2.5 - 

3i61 Telephone & Telegraph 60.6 .1 

3662 Radio & TV Comm. Equip. 5,631.2 86.1 

3671 Electronic tubes               ) 
28.4 .4 

3672 Cathode Ray Die. tubes) 

3673 Elect. Tubes 155.1 2.4 

3674 Semiconductors 64.2 .9 

3679 Elect,  Components 180.0 2.7 

3691 Storage batteries 22.1 .3 

3692 fVime Batteries 30.6 .4 

3693 X-ray 4.5 .1 

3694 Elect.  Engineering Equip. 38.2 .6 

3699 Elect.  Equip, n.e.c. 

Totals 

1.6 - 

$6,542.4 100.0% 

SIC 36 constitutes 23.6 percent of the total shipments to DOD, 

Source; 
Ibid. 

* (Mi 11 ions of dollars) 
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Table D-12 

TRANSPORTATION EQUIPMENT (SIC 37) 
SHIPMENTS TO DOD - 1970 

SIC 
Code Industry 

i             Value of 
|              Shipments * 

Percentage of 
SIC 37 

3713 Truck & Bus Bodies $      25.1 .2% 

3715 Truck Trailers 16.5 .1 

3721 Ain aft 6,298.7 51.8 

3722 Aircraft Eng.  & Parts 3,039.0 25.0 

3729 Alrciaft Equipment 1,578.6 13.0 

3731 Ship Building 

Totals 

1,210.6 10,0 

$12,168.5 100.0% 

SIC 37 constitutes 43.9 percent of the total shipments to DOD. 
Source; 

Ibid. 

* (Mi 11 ions of dollars) 
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Tabia D-13 

CONCENTRATION OF DOD PROCUREMENT IN 
TOP 100 COMPANIES 

(Percentage of DOD FVocuremsnt) 

Companies PY ]m FY 197Ö ■    FY 1971 FY 1972 

1st 5.5% \        5.9% 5.1% 5.1% 
2nd 4.4 3.8 5.0 5.1 
3rd 3.4 3.2 4.0 3.9 
4th 2.9 3.0 3.7 3.7 
5th 2.7 2.8 3.5 3.5 

1 - 5 18.9% 18.7% 21.3% 21.3% 

6-10 10.1 10.5 13.5 13.9 
11-25 15.8 16.8 17.3 16.0 

1  - 25 44.8% 46.0% 52.1% 51.2% 

26 - 50 12.1 13.3 11.0 11,5 
51 - 75 7.3 6.6 5.8 6.0 
76 - 100 4.0 3.8 3.2 3.4 

1 - 100 68.2% 69.7% 72.1% 72.1% 

Source: 

lOO companies (companies receiving the largest dollar volume of 
prime contract awards) FY 1972,  Department of Defense.  6 October 
1072. 
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Table D-14 

TOTAL DOLLAR VALUE AND PERCENT OF TOTAL PROCUREMENT  IN  EACH CATEGORY; 
FOUR LARGEST MILITARY CONTRACTORS,   FISCAL YEAR  1966* 

H«rk»t Oteiory 

1 
2 
3 
•-. 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
?3. 
U. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
3i. 
35. 
36. 
37. 
38. 
39. 
40. 
41, 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 

Small anna 
Heavy    eapona 
Optical fire control equip 
Ammunition and mice ordnance 
Guided mli'lles 
Aircraft 
Propellers 
Acft components and  iuppurts 

.   Ships and  boats 
Marine hardware 
Loconotlvea 
Rail cars 

. Motor vehicles,  noncanbat 
Tanks and combat  vehicle! 
Tractors and constr equip 
Tires and tubas 
Engines and cooponcnts,  nonacft 
Turbines 
Engine electrical systen 
Engines and coaponenta,  acft 
Mech and power trans equip 
Bearings 
Woodworking nach 
Metal-cutting machine  tools 
Electrical welding equip 
Gas welding cqulpownt 
Metal-forming nachine  tools 
Machine tool accessories 
Special dies and  tools 
laundry equipment 
Service  Industry uchlnes 
Sewln;: machines 
PrlntUg machinery 
Miscellaneous machinery 
Agricultural machinery 
Conveyors 
Warehouse trucks 
Hoists and cranes 
Elevators 
Chain and wire rope 
Fibre cordage 
Cable  fittings 
Refrigeration and acft  equip 
Flre-flghttag and  safety equip 
Pumps and expreasors 
Boilers and  nuclear resctore 
Industrial furnaces 
Fans and blowers 
Plumbing fixtures 
Heating oqulpnent 
Water treatment equipment 
Pipe and tubing 
VaIves 
Maintenance equip and tools 
Measuring tools 
Hardware and abrasives 
Structural wood products 
Bridges 
Storage tanks 
Prefabricated metal structures 
Lumber and mlUworii 
Plywood 
Constmct.'on materials, mineral 
Construction materials, matal 
Telephonic equipment 
Sound equipment 
Electronic equipment 
Electronic and  electrical  comp 
Swltchgaar and connectors 
Electron  tubes 
Motors and  generators 
Power devices and controls 
Transformers 
Batteries 
Electric wire ani  cable 
Lighting fixtures 
Drugs and medicines 
Medical  supplies 
Dental equipment 

Troru 
4 Military 

resent   ItSS LarjestT 
lltary Contractors 

(In Thouatnds) 

146,440 
42,827 
10,358 

490,410 
1,478,195 
2,427,483 

51,994 
449,761 
364,943 

5,541 
2,422 
4,125 

556,189 
278,278 
104,722 
42,803 

204,595 
49,479 
33,416 

1,861,775 
4,796 

10,515 
1,144 

27,797 
4,4 73 
1,991 
5,615 

881 
683 

9,805 
2,798 
1,318 
3,754 

12,010 
3,124 
9,411 

59,315 
6,524 

631. 
4,194 
3/)23 
1,677 

20,226 
21,337 
13,890 

178,658 
2,980 
2,360 
3,120 
5,571 
5,449 

25,698 
7,242 

33,482 
648 

9,821 
1,659 
9,874 
7,488 

22,072 
12,123 
5,830 
6,371 

96,099 
65,553 
15,555 

663,338 
50,011 
3,847 

63,780 
50,462 
36,481 
2,604 

61,004 
35,613 
11,633 
36,570 
11,750 
2,'.SB 

Percent 
of Tüta 

67.5 
27.1 
52.ö 
20.0 
36.5 
59.3 
97.9 
42.1 
42.6 
69.8 
98.6 

100.0 
58.0 
16.5 
51,1 
56.2 
69.8 
92.2 
54.8 
87.3 
66.0 
44.6 
66.1 
34.7 
67.9 
38.1 
39.9 
65.2 
97.4 
64.9 
64.4 
95.5 
45.2 
63.7 
56.6 
23.9 
70.4 
45.1 
91.6 
37.0 
43.1 
58.1 
2;-4 
25.3 
35.6 
95.7 
51.1 
42.2 
-.6.5 
57.1 
60.4 
27.1 
29.8 
22.4 
58.6 
22.4 
55.0 
81.5 
68.5 
52.1 
23.9 
42.1 
21.5 
34.4 
38.2 
56.1 
21.2 
24.4 
11.9 
41.0 
32.1 
43.2 
80.9 
56.5 
45.3 
31.0 
31.8 
26.4 
47.9 

Market C»"egory 

80. X-Ray equlpnant 
81. Opthalmlc goods 
82. Scientific and navigation Instr 
83. Analysis and oMsurlng Instr 
84. Temperature and preasure contr 
85. Optical Inatnusonta 
86. Electrical sKaaurlng lastr 
87. Timers 
88. Photographic equipment 
89. Chealcals 
90. Household  furniture 
91. Office and hospital furniture 
92. Furnishings 
93. Food preparation oqulpmsnt 
94. Kitchen tools and cutlery 
95. Tableware 
96. Computers and office machines 
97. Typewriters 
98. Office supplies 
99. Books and papers 

100, Musical supplies and phonographs 
101, Recreational equipment 
102, Cleaning equipment and aupplles 
103, Paint 
104, Bags and sacks 
105, Drums and  cans 
106, Boxes and cartons 
107, Gas cylinders 
108, Fabrics 
109, Yarn and thread 
110, Apparel findings 
HI.  Leather 
112. Shoe findings and stock 
113. Tents and tarpaulins 
114. Flags and mlsc textiles 
115. Hen's outerwear 
116. Women's  outerwear 
117. Special clothing 
118. Men's underwear and  n'.ghtwear 
119. Footwear 
120. Hosiery and glovea 
121. Badges and  Insignia 
122. Luggage 
123. Toiletries 
124. Toilet  tissue 
125. Meat,  poultry,   fish 
126. Dairy foods and eggs 
127. Fruits,  vegetables,   preserves 
128. Bakery and cereal products 
129. Sugar and confectionery 
130. Soaps and specialties 
131. Fats and  oils 
132. Miscellaneous prepared  foods 
133. Coffee,  tea,  cocoa 
134. Beverages,  nonalcoholic 
135. Beverages, alcoholic 
136. Tobacco products 
137. Chemical fuels 
138. Petroleum fuels and  oils 
139. Paper and paperboard 
140. Plastic materials 
141. Refractory nuterlals 
142. Metal bars,  sheets, shapes 
143. Signs 
144. Matches 
145. Mortuary goods 
146. Miscellaneous  services 
147. Operation and maintenance 
148. Architect-engineer services 
149. Housekeeping services 
150. R&E services,  unasslgned 
151. Transportation services 
152. Constr and property malnt 
153. Agricultural supplies 
154. Nonrtetallic crude materials 
155. Ores, minerals and their 

products 
156. Perishable subsistence 
157. Unasslgned and  miscellaneous 

"Trocurem» nt from Largest 
4 Mlllr.ary Contractors 

(In Thousands) 

SOURCE:    Data procurement reports 
a 
Assumed  to be under  10 percent. 

from military  services and  DSi,  (DOD-350  tapes). 

10,715 
5,593 

265,98' 
18,522 
5,569 
5,383 

47,472 
1,966 

74,721 
37,869 
13,727 
12,516 
23,661 

5,254 
4,143 
1,853 

217,169 
3,18T 
5,21.5 

11,946 
450 
777 

12,444 
1,682 

23,800 
10,167 
36,825 

1,303 
156,795 

244 
1,876 

904 
1,710 

19,172 
15,286 
43,587 

1,397 
19,028 
18,278 
55,335 
13,168 
4,852 
6,711 
2,732 
3,926 

70,110 
33,706 
23,621 
14,380 
17,411 
11,526 
10,725 
14,853 
29,754 
2,936 

29,89fi 
49,562 

391,815 
11,366 
3,278 

765 
21,'07 

722 
338 
729 

107,520 
345,241 
129,476 
212,368 
179,522 
167,875 
631,320 

905 
4,063 

7,24(> 
m 

27,155 

Percent 
of Total 

n  U *McK'e/  James w«/   Concentration in Military  frocuremenf Markets;    A 
Classification and Analysis of Contract Data,  June  1970.   The  RonH Cnrnnrntion 
RM-6307-PR.  "  poronon. 

65.3 
88.3 
59.4 
37.3 
35,9 
40.6 
33.4 
45.5 
55.2 
32.3 
59,3 
32.2 
25,3 
29,6 
39,0 
75,9 
83,4 
60.4 
29.6 
41.0 
45.0 
61.6 
57.8 
36.0 
49.6 
88.8 
31.1 

100.0 
42.6 
71.3 
56.7 
86.1 
85.^ 
46.5 
30.1 
13.3 
62.0 
27.0 
43.7 
42.5 
51.4 
51.0 
57.7 
54.0 
76.5 
26.4 
18.8 
14.9 
24.8 
60.5 
35.5 
61.2 
33.6 
54.3 
34.5 
59.6 

45.1 
31.7 
54.3 
75.8 
76.3 
23.1 
38.8 
24.7 
43.7 
20.9 
19.3 
35.8 
56.5 
50.0 

72.5 
NAH 
33.4 
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Table D-15 

SELECTED CONCENTRATION RATIOS  FOR MANUFACTURED PRODUCT GROUPS,   1963; 
AND MANUFACTURING   INDUSTRIES,   1966:     LARGEST  FOUR  SELLERS* 

Product Class Product Class 
  

or Group 
(SIC/Census 

Code) 
Concentratlon 

Industry 
(SIC/Census Concentration 

or Group 
(SIC/Census Concentration 

Industry 
(SIC/Census Concentration 

Ratio,   1963 Code) Ratio,   1966 Code) Ratio,   1963 Code) Ratio     1966 

2011- 30 2011 27 2511- 10 2511 12 2013- 14 2013 16 2512- 12 2512 15 
2015- 
20156 
20210 

13 
33 

8 

2015 17 2514- 
2515- 
25190 

12 
23 
18 

2514 
2515 

13 
27 

; 2022- 45 2022 44 2522- 29 2522 37 2023- 33 2023 45 2531- 21 2531 24 20240 34 2024 33 25410 4 2541 4 
20 310 33 2031 42 25420 19 2542 22 2032- 69 2032 63 2591- 34 2591 41 2033- 
20 341 

24 
39 

2033 24 2643- 
26451 

23 
37 

2643 23 

2036- 23 2036 33 26452 27 
2037- 23 2037 24 26461 90 
20430 82 26472 61 
2052- 58 2052 59 26491 30 
20620 62 2062 63 26510 21 2651 22 20630 66 2063 68 26520 10 2652 12 2071- 15 2071 24 2655- 51 2635 54 2072- 71 2072 78 2661- 42 2661 45 20820 34 2082 39 2731- 18 2731 20 

63 
20840 50 2084 41 2812- 56 2812 2085- 58 .'085 55 2813- 71 2813 72 20860 11 2186 14 2815- 45 2815 52 2095- 54 2095 54 2818- 42 2818 46 2096- 41 20'i6 47 2819- 27 2819 29 2099- 
20999 
21X10 

26 
23 
80a 

209^ 

2111 

26 

81 

2831- 
2833- 
2834- 

37 
51 
22 

2831 
2833 
2834 

46 
70 
24 21210 59 2121 58 2841- 68 2841 72 21310 53 2131 59 2842- 30 2842 30 

2211 2844- 33 2844 40 
2221 2851- 24 2851 23 2231- 46 2231 56 28921 70 

2241- 15 2241 23 2899- 14 2899 20 2252- 16 2252 22 2911- 32 2911 32 2254- 30 2254 33 29523 45 
22720 25 2272 26 2992- 36 2992 36 2281- 16 2281 19 3011- 72 3011 71 
2283- 24 2282 29 30210 62 3021 63 2284- 
2298- 

63 
30 

2284 
2298 

62 
38 3111- 20 

3079 
3111 

8 
19 2311- 13 231. 17 31310 18 3131 19 23214 

23215 
23221 

23 
33 
39 

3141- 
31610 
32550 

25 
30 
42 

3141 
3161 
3255 

26 
35 
41 2327- 14 23i.7 20 3259- 34 3259 33 2328- 25 2328 28 32620 62 3262 75 

2329- 16 2329 28 32630 52 3263 61 2337- 4 2337 9 327 5- 82 3275 80 2 339- 12 2339 14 3291- 49 3291 56 2381- 30 2381 27 32924 78 
23850 
23860 

21 
24 

32925 
32926 

79 
69 

2387- 16 2387 28 3312 49 23890 17 33126 61 
23910 21 

2392 
33151 
33156 

72 
51 

23940 16 2394 19 3316- 38 3316 34 2396- 58 2396 58 3317 6 25 
23990 14 2399 16 3351- 45 3351 43 2421- 10 2421 11 3352- 67 3352 65 
2432- 21 2432 24 3357- 42 3357 39 
2433- 25 2433 22 3421- 66 3421 66 2441- 14 2441 23 3423- 17 3423 22 

(continued) 
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Table D-15,  cont'd. 

Product Class Product Class 
or Group Industry or Group Industry 

(SIC/Census Concentration (SIC/Census Concentration (SIC/Census Concentration (SIC/Census Concentration 

Code) Ratio.  1963 Code) Ratio.  1966 Code) Ratio.   1963 Code) Ratio.  1966 

34291 70a 3613- A8 3613 52 

34294 26 3621- ,•7 3621 48 

3429' 13 36220 49 3622 50 

34310 46 3431 47 3623- 36 3623 38 

34320 27 3432 32 3629- 31 3629 33 

3433 14 3433 16 36360 82 3636 80° 

34411 13 .642- 15 3642 18 

34412 40 3t,5U 51 
34431 24 36513 16 
34433 79 36520 68 3652 71 

34434 62 3661- 80a 3661 94 

34438 24 3662- 30 3662 24 

3449- 24 3449 24 36710 83 3671 95 
3452- 17 3452 18 3679- 11 3679 22 

34614 71 3691- 60 3691 60 

34615 43 36920 83 3692 88 

3481- 12 3481 13 36930 49 369 3 67 
34811 55 3694- 68 3694 72 

3491- 41 3491 39 37170 60 3717 79 
3494- 13 3494 13 3721- 58 3721 67 
34941 25 37221 97 
34942 25 37222 80a 

34943 27 37223 87 
34944 20 37224 53 
34980 14 3498 13 37225 82 
34990 16 3499 16 37226 89 
3511- 83 3511 87 37227 95 
3519- 46 3519 5? 37230 87 3723 96 
3522- 42 3522 45 37291 28 
3531- 42 3531 45 37293 82 
35340 55 3534 63 37294 61 
3535- 23 3535 29 3731- 48 3731 42 
3536- 27 3536 44 3732- 21 37 32 20 
35370 49 3537 49 3741- 92 3741 98 
3541- 21 3541 22 37 42- 52 3742 50 
3542- 20 3542 24 3811- 28 3811 29 
3545- 14 3545 20 3821- 19 3821 21 
35452 39 38220 58 3822 59 
35482 43 3831- 37 3831 56 

35483 66 38311 43 
35484 38 38312 58 
3553- 30 3553 32 38410 34 3841 40 
3555- 39 3555 46 38421 52 
3561- 23 3561 27 38423 44 
3562- 57 3562 56 38430 37 
3564- 20 3564 25 33510 45 3851 60 
3566- 19 3566 25 3861- 62 3861 67 
3567- 23 3567 35 3871- 42 3871 45 
35690 12 3569 21 3931- 37 3931 36 
3571- 63 39410 12 3941 22 
35720 79 3572 79 3949- 33 3949 29 
35790 46 3579 57 J9610 13 3961 25 
35820 43 3582 51 30811 11 

3585 34 398 a- 85 3982 98 
35891 23 391330 70 3983 69 
35892 23 3*08- 17 3988 22 
3611- 30 3611 36 39')3- 5 3993 6 
3612- 65 3612 66 39991 72 

SOURCE:    U.S. Bureau of  the Cc 
tlos  by  Industry 

nsus ,  Concentration Ratios Ln Manufacturlni i  Industry.   1963 .   and Value-o f-shlpment 
Concentraclon Ra .   1966. 

A minimum estimate.    Actual  figure  not disclosed. 

*McKie/   James W.,  Concentro'rion in Military Procurement Markets;    A 
Classification and Analysis of Contract bata/ June 1970# The Rand Corporation, 
RM-6307-PR. 
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Table D-16 

AMOUNT OF MILITARY PRIME  CONTRACT AWARDS,   FISCAL   1967. 
AND THEIR PERCENTAGE OF  TOTAL  SALES,   CALENDAR   1967: 

100   LARGEST  DEFENSE  CONTRACTORS   IN  FISCAL   1967* 

Total,   100  companies  and  subsidiaries 

SOURCES:     Hoody's  Industrials: Depi-tment  of Defense,   100  Companies  and  Their Suhsldlarv Corporations Listed 
AccordinK  to  Net Value  of Military PiUne  Contract Awards.   Fiscal  Year   1967. '     " '         '" 

NOTES;     NA   indicates  not  available,   NF  indicates  nun-profit  contractor. 

Western  Electric  only.     AT&T was  placed   in  the   fi  to  20  percent   buyer-coverage  bracket. 

AT&T  consolidated   total. 

Represents  consolidation  of  several  numbers  of  the  consortium,   but  not all. 

Includes   ^ of  National   Steel  and  Shipbuilding. 

Fiscal   year  on  other  than  calendar year  basis. 

Sylvania only.     General  Telephone -vas  placed   in  the  6  to  20  percent   buyer-coverage  bracket. 
8, 'General  Telephone  consolidated  total 

*McKie/  James W.,  Concentrafion in Military Procurement 
Classification and Ardysis of Contract Data/  June 1970,  The 
RM-6307-PR. 

Markets;    A 
Rand Corporation, 

Mil itary Corporate Military Corporate 
Frime Sales Contiacts Prime Sales Contracts 

Contracts Calendar as Contracts Calendar as 
FY   196; 1967 Percentage FY  1967 1967 Percentage 

Corn ractoi (S mill ion) (S mill ion) of   Sales Contractor (S million) ($ mill ion) of  Sales 

1. McDonnel1  Douglas 2,124.6 2,993.8 71.0 50. Sanders Associates 124.0 139.2 89   ' 
1 General   Dynamics 1,831.9 2,253.3 81.3 51. TRW,   Inc 120.5 1,214.4 9.9 
3. Lockheed  Ain raft 1,80 7.2 2.335.5 77.3 52. Asiatic   Fetroleum Corp 117.2 NA NA 

General   Electric 1,289.8 7,737.3 16. 7 53. Signal  Oil 116.8 1,505.4 7.8 
5. I'ni ted  Al rcraf t 1,097.1 2,214.7 49.5 54. liarvey Aluminum 116.5 147.3 79.1 
6. Boeing  Company 911.7 2,879.7 3..7 55. Fan American Airways 115.1 944.6 12.2 
7. N^r'h Aierican Rockwell 688.8 2,438.5 28.2 56. Mobil Oil   Corp 109.3 5,771.8 1.9 
8. AT  6  I 493.8a 3,733.9a 13.2a 57. Eastman Kodak 108.7 2,391.5 4.5 

673.0b 13,009.2b 4.0b 58. Mason & Hanger 108.4 NA NA 
9. General  Motors 625.1 20,026.3 3.1 59. Pacific Architects 106.9 NA NA 

ICI. Ling-Temco-Vought 534.7 1,841.1 29.0 60. Lear  Siegler 100.8 402.3 25.0 
11. Textron,   Inc 496.6 1 ,446.0 34.3 61. Hagnavox 98.5 464.3 21.2 
12. Grumman Aircraft 487.7 969. 7 50.3 62. Mass  Inst of Tech 94.9 NF NP 
13. Sperry  Ram] 484.1 1,487.1 32.6 63. Am Machine & Foundry 94.1 409.2 2 3.0 
14. RMK- BRJ 462.5 950. 0+c 49-r 

64. Texas  Instruments 93.7 568.5 16.5 
15. Westinghoi.se  Electric 453,1 2,900.7 15.6 65. Falrchlld Hlllcr 93.5 268.7 34.8 
16, Avco  Corporation 448.6 783.0 57.2 66. Curtlss Wright 90.8 173.7 52.3 
17. Hughes Aircraft 419.5 NA NA 67. Teledyne,   Inc 87.8 451.0 19.5 
18. Ford Motor   Company 403.8 10,515.7 3.8 68. Dllllngham 87.6 206.9 42.3 
19. Raytheon 403.3 1,106.0 36.5 69. Chamberlain Corp 74.0 85.1 87.0 
20. Honeywe 1 1 ,   Inc 313.7 1,044.9 30.0 70. Flying Tiger Line 73.4 87.0 84.4 
21. Northrop 306.4 469.4 

808. 7'1 

65.3 71. International  Harvester 72.7 2,541.9 2.8 
22. Kaiser   Industries 305. 7d 37.8'' 72. Federal  Cartridge- 72.4 NA NA 
23. Bend ix 296.1 1,274.0 23.2 73. Johns Hopkins Unlv 71.1 NF NP 
241 Martin Marietta 290.2 695.6 41.7 74. Aerospace Corporation 70.8 NP NF 
21). Ryan 290.1 393.2 73.8 75. Dow Chemical 67.0 1,382.7 4.8 
26. General   Tire 273.1 954.5 28.6 76. Continental AlrlInes 65.7 188.2 34.9 
27. RCA 268.4 3,014.0 8.9 77. White Motor Corporation 64.7 769.8 8.4 
28. IT  f. I 255.2 2,586.3 9.9 78. Condex Corporation 63.0 75.0 84.0 
29, Ogden Corporation 236.7 704.1 33.6 79. Western Union 62.4 336.8 18.5 
30. Standard Oil   (N.J.) 235.1 13,266.1 1.8 80. Emerson  Electronic 62.2 395.2 15.7 
31. Uniroyal 217.3 1,264.7 17.2 81. Firestone Tire 61. 3e 1,875.4 3.3 
32. Collins   Radio 201.6e 439.0 '   9 82. Bethlehem Steel 60.3 2,594.0 2.3 
33. Hercules,   Inc 195,2 642.6 30.4 83. Alrilft  International 59.0e 70.2 84.0 
3i. IBM 194.9 5,345.3 3.6 84. Hughes   '.'OüI  Company 58.6 NA NA 
35. Newport   News 188.5 305.3 61.7 85. Cessna Aircraft 56.7 213.6 26.5 
ih. Lit Con   Industries 180.3 1,561.5 11.5 86. Atlantic Research 56.5 NP NP 
37. Du   Font 179.6 3,078.8 5.8 87. Sverdrup & Parcel 56.5 NA NA 
38. Thiokol 172.7 235.7 73.3 88. American Mfg Company 54.9 794.2 6.7 
39. FMC Corporation 169.7 1,313.0 12.9 89. Stevens  (J.P.)  & Co 53.4 794.2 6.7 
40. Chrysler  Corporation 164.7 6,213.4 2.7 90. Vlnnell  Corp 53.1 NA NA 
dl . Goodyear Tire 154.5 2,637.7 5.9 91. Web.lnghouse Air  Brake 51.9 305.4 17.0 
42. 01 in Matnieson 154.3 901.1 17.1 92. Sy. :^m Development Corp 50.4 NP NP 
43. Standard Oil   (Calif) 152.8 3,297.8 4.6 93. Northwest Airlines 50.3 384.0 13.1 
44. Day & Zünmerman 142.2 

120.2f 
NA 
822.9f 

NA 
16.8f 

94. Gulf 011  Corporation 49.9 4,202.1 1.2 
45. General   Telephone 95. Smith, A.  0.   Corp 48.5 330.0 14.7 

138.58 
135. 7d 

2,622.18 5.38 96. Motorola 47.8 630.0 7.6 
46. Mor r ison-Knudsen 189.3 71.7 97. Cities Service 47.5 1,374.9 3.5 
47. Norris   Industries 127.6e 189.9 67.2 98. Tumpane Company 46.9 NA NA 
48. General   Frecision Equip 124.2 461.6 25.9 99. Union Carbide 46.8 2,545.6 1.8 
49. Texaco,   Inc. 124.2 5,121.4 2.4 100. Maxson Electronics 46.0 65.7 70.0 

25,693.1 

U.S.   total,  military prime contract awards of  $10,000 or more 39,219,4 

Percentage  of  total   going to  largest   100 
Percentage of   total   going  to  largest  10 65.5 

29.6 

D-19 

■J—^^-■.v...V..--J—^-   «^J.-.,-. ,^, ^,J^.V. 



N       fc 

6   o' 
t  8- 

^ o 
ooo-^rOfvtrooocO'-^-cNO 

I 

o   o    o 

CM n OOOVOnfMOOOOO'— CDO 

O  O O ^T O iO f) O O O K • 

88    8 

8  § !S    S 

'2    3 

■ oo o ^o n n n > 

8  8  8 88 
CO CN 

,    ■ n rt ro ^t m 

o n — -«r co ( 
O» fv (N o o* c o- ^j m io co c 

■ (M u-i m *   CM 

sill i 5^ 8 o 5 Sl$ 

: -c   cr Q. 

D    0 11 

I s I ;s I _ 
s < 5 i < < 

i  i  i  i  i  i 

6  ? 

1 i LO 

i s 
.1 J 

s g 

S    E 

s s i 
oi   U 

-SÄ" 

D-20 

ai-h.^^,1n^.|^.^M,;,a.a,.:.:^:... ^..^W^l...^»!«...^..- ..Wm,.; — ■" -^ililflWillhMIMtMtnfif aniitiiiMih-iiMiifh«-^^.-.«-'-'^^- ••■ ^•-^' '■- ■i—-'-.^--   t,.*~.«~,^..... ..■^•,~~.*iMu^.*lti,ii,t,.l, uniidiiMiirtiai 



■ 

■ 

.5 < 

li 

!«     8 

3  X 
5 3    8 
53 S      S 

8  8 8 
CM       -*      fV 

S      O      CO 

8 8 8 o- rv ■v 
p" O" K 
i£> tXi CO o n 

88 

!§    S 

|g    8 

8S 

K8SS  
o ^-" —' d d o «n d L 

o^      oojoddd-odcN^i-' 

OO        "— fNOOOO^-^-COO' 

■— -«r (N o r 
■ot^co'Oincofcn^jio' 

- o o ts. o 
) — n <— -o • K N «o -o 

s 
I 

-   k 

k   0 

Is 

s o 

8.J 
I  I 
8 5. 

<».2 c p 
I I 

•a-I     "-3 

liflFl 
■ -a "     ^'B 8" 
■ C    u    O) u 

o -^   c     -  x u 

n   ..    O   u    ,;   4, 

I      I      I      I      t      I      I 
I      I      t      I      I      I      I 

s 

D-21 

Äiiiw-.^....^^...^-,,.--, .;.-.,:■, ^,^.,...ü^..^,.v ...i..J^.„.^^>' 

■ Ja 



H 

n to 

—    ^-    m 

8 8 8 
(N      —      -f 

8 8 8 n    o>    — 

S 

8 8 

SS    8 

b- to Sopinn'ntNCpr^snrsioo.oroio-o 

8 

■o-^-ootMOooonnrjr 

8 SRSB'SRSSSRRSS S 
Q    O'—o-oo-moooo^oro    n' 

88    8 

8    Si 

ö      S o- 

n •— o IN •* rs (M -«r" ro ■v" CN" — g WT" 

oo o v CN ■ 
SrvpginNoooKo- 
»CO-OiOO-OO-OOT) 

i oo ^ 3 o »o    m 

TT ro to ^r to    oo 

z    I 

in3 

so • 
I 

5  5 

b "o    «-o  en c 

S c°-2 1.5 

iiitiir. 

u p 

E 

I I J 3 

J   I 'o' 3"      .5 

D-22 

^^-'-^^^"iMffliirtMWaiMmitflttiBWi avv^M^i^o^|ir.vf|>-liiatMMiii^^ 



z K < , 
t. t: 

o e 

ii 
la 
5 ^ 

a! 

< 
o 

E   o. 

| 
Z 

—        o to 
:5:3    8 RS^6?SK8?S56a = ?l 

g   o — o CN d M* CN o o o d —' d tn o 

'Hit 
■ z  Q    Q. 

f 11 ^ ? z 

^ S c > 

■wo orto.      ^    •oH-voo.orta3(viff:3csiS)S~ 
■ n rj >o ci » 

s s 

1 I co    o- 

O^iffl! 

p   o ^ 

lil*^ 

■ — * X 

t" « o 

■ 5 ^>, 

Hi sä-i 

35 

«^l   ■*   CO O      Q     '''"'" " ■O — CNOO — ono — . 

2' 2S ig     ö       *" ^ "* ■~ «' 2"    •"' «n '- rC «N OS" ^ 

S3§     5 
■   1   >   1   1   1   1   1   1   1   1   1   1   1   1 

o- in m      3 
ft fiS     a-     1   1   1   1   1   1   1   1   1 

r—   —   d (M 
S^f   (N          CO 

** ^      0     '    ' 11 

O ■-' Co" CO 

  

5SS;      « SC^      2:n'-tQO.Q'*ooov^- 

fO co o       ^ 

rt 3 ■»      (S 

s2 *o c-i -o •* o* 
— P rt ^ K 
n K ■— fx CN 

t N, PJ p« ' 
)   -O   k   N   r 
) tN K m ( 

3S8SS! 
CN tn rt cn — . ■ ■♦   I  ■* N       »n   1    1  •— 

gfi^      S2 ^t.fTlt>"rN>cO'^oo>nO'0«'0»-ooo. 
in^o      ö ojo^-f^rooäöam-fSin — JNJC 

ü iÜ 2      Ä 0 o o "^ o n' M o o o o -d i-* aj o ^2 —      .- in 

§ I    i§^   § as3as3?st:s = = 8§i 

!0^ 

!■* i-B 1 

II 

§ 6 
2 » 

a 
?f I 

1^' 
3    9   P I! I 

h- u. a. m o- X 1 

E    Z t I I I I I 1 I I I 11 I 

D-23 

e ^^^^i^äu^M^^^i^a^^ ^Hiim^waaiiaMrt^ii-i*ftifeilfai^^"^'>'^-^^--'"-'--- ^- '■■^■" ":■■"• -....^■i^.^.t.a^.^ eMIIteiäiimiii^'ii 



..,,,.,..:...^ =■-,.. ■ ■■:, ■■..■■   ,- ■■■ .■ ' : /"i 

D-24 

z - 

U -5" 

z 

^-2 

OO 
z5 
Oft 

X c 

^5 

>- Z Q  of 

-1^ 3 II 

Ö   ^ "j «3 

3    S g. in >o &■ v  "O 
o' o-' ^-* 

s s ^r CN to n - n p- IN a> o. o- o. fN fs vi o in ID o- 
ö d o — o o .N o c; o o wi d aj cv' 

5    S 
-o o CM       r>. 

■ocNo-mco-o-nr^u-i 
... "^ -j Co r^ n & m r^ IN ■ — n co 'n  n 03 o 

Ifc Ö 

i-a I 

■o a i ^ 

.Ely 
a: 5 

iti 

^s 

t] 

3    S 

■ ^ in 
• ri IN,' 

1 O- o- 

■  >o CM 

n> .N. •o o> n ^| ■oocsir^.^jin-o-oh. 

"vrsio>o — ^_        _ 
©■•"-[Nfv-oK vo-ior") 
^rOTrmcMu-iv*—&-00" 

OtNOOK-—  CO-Oi,-) 

CO CM rt 
i n .— m o 

t    i    i    t    i    i    i    i 

■(NtN^T — n^c^j— KO-O- 
»KcMCMcovco^-conofN 
■ — -oo — rtcNin-or-to-tN 

inco-O"— o^O'-oincointn'^-KfNCh 
»— CN — m't^rcMfvi — mmTj — 

cs  .  as  cs >o 

CN •— ro in «n i 

JN tv in co o CN CM 

OCNOOOO-OOCMV 

mcMrvinio^oop^o (N-q-coco^o — n— o 
rt o. rv CM -o o m — to 

(N »- ri" 

c   *: —* i 

■r   3   o 
S 8 * D   P   a 

-2-0& 

; i D) ö c 

sl5: Isll U 8 
1 o. I 

E ■ 
"   i-   ai 

121: 
I l I 

ii^tj^Mii^uetAai**!^,*,*^^ 



■ 

■ 

■ 

i       r; 

tN CM 

•H en 

'2 

oo 
C5 

O uj 
CZ   Q, 

s   i 

41    „  03 

O i5   2 ^i co   O 

■   » *- m 

^u1 

■By 
Oil 

u_ -^ (i; tu 

2^ -. go" 
.5   t U 
i 5 oo 

S o 

fcB .* 

tl s 
'o 

%a s ••" ^ 

8  fc R S 8 S « « S K $ S E: 8 « S 
Q      OfNOlNO•~■000dd^s'rJ■-^(^4 

CN      "i» '~f2£p      S    ooKnooo-fvo.tMin'O'wrsrriN 
CN       -«t KO-Tt       co    ^on(NKa)in(N6-a3a3oo>oo--u:i 

S^'C      S    o-'J — t-oKfirottNvrs-or-fj 
otNij      o    — incNCTJinKnt-it— ^iinioioco 

•-OK       Q    oro — oor-rooo — dendfoco 

■«  -o    (Nrs-ro  as a3^SN"f^»--<rncNro — ^Sv — O 
o ■- •—  •— 
— oo rN  rN - to m rN ^ i n «o 3 -o 

'f;   s 

n co  <o  t i 

o o> o- 
^ ^ sQ 
IN u-) — I I I I I 

— M1 m 
co CN t> 
— O tN. S$: 

■ co n n 'O m t 

o oo o 
o- fl o. 
CO IN. o 

o- •* o ro IN (N 

<^  o   ©'fs.in  o>— CNT) 

■O  —    -«rcöco  in^-iocöcNCOio!-  coo- 

CN ■* m 
10 10 •** 
m n c-j 

.Kth-CN^cors^ifoSSocN 

■ d -«t o d CN d d d d co' V (N rv 

88 (N       g;CNCO-iJ-OCOtQrN'«-«jkcNr-l>X. 
o    coo-q-cN"— coco^jirto^oO'OO-ui 
r- co — is.Ttino.      ^"«tro-o-o-o—' 

r S i o ■ 

8.1 1 

o  a> 
u. u. 

1 1 

5 'Z      •-  c 

n 
,-8 ? 

if a. <si 

l l 

•I 6-s Hi, 
I   I    I 

3 2 p 
S" o- S 

gal 

D-25 

M^'iiftiliiWiir'ia ^aaaMdBt^toMi^a^^i^^ 



00 

I 

_Q 
O 

tu 
y 
Q_ 

CO 

< 
LU 

cc Z 

r£ tu 
O « 

zo 

do s o 
tuQ 

oo 
a: 
tu 
Q, 

oo 

z 
tu 

tu 

Ö 
tu 

o 

0) 
—.   X 
D   O ^ 

^O   Q.0 

4.      0) 
U    (U 
0)   X 

LU 

(1) 
•J- 0) 
O    >s 

5 1- 

0) 

O   CL 

CK 

u <u 
0) 
X o 

"?  E 

.-   Q. 
Q   E 

o 
CO 

3 

S. 
X 

8 O     CO      CO      ^t o 
00 

o 

o 
CM 

CO O 
00 

CO CO      CO 
>o 

8 £ ON      NO      tO      00 :-.   —   o 
00      —      CO 

00 

g     00      CN      CO      CO CN 
00 

O      00 CO 

8   22   - CO CN 
00 

CO      CO 
NO 

8 2 CO CN 
00 := 9 NO 

0) 
<u 
X 
£     Q. 

12 
^. 

i 
c o 
*! 
u 
D 

■o 
O 

Q. 
E 

LU 

o 

c 
u 

(U 

o 
o 

o 

c o 
Z 

0) 
<D J*. 

D O) 
c X ^ 

s ' c -Q VI 

E 
c o o 

E 
r 

5 4- 
o 1 1 5 

ON 
CO 

ON 

ON 

ON 

CN 

R 

JQ 
E 
D 
C 

C 
0) 
E 
x^ o 
5. 
E 

LU 

o o 

•i-   u> 
u  a> 

a 
OtS 
<» _. 

o 
0 JÜ 
I- Q- 

c 

o 
■D _^ 
D 

a. 
E 
o 
u 

<U  CN 
CN 

s    I 

u 

If 
x^: 

MI 
D    O 
O  I— 

0)    Q) 
n    9 

X  O 
U     4- 
O    4) 

1.1 
'5.  .. 
Q.  O) 

S .E 

- i a,   o 
o   «    • 
c <" 
O      s   0) 
C    X'C 
0) 4:    O 

|    §   £ 
^   o  o 
E ^   o 

<u  «J o 
-O  ^ -Q 
3 ^    D 

O 

O 
E 

D 
Q. 
C 

O) 
c 

*ö 

2 
CL 

in 

D 

C 

O) 
c 

a • a. 
x D 
I-     V) •fa I« 

— o 
0) — 

■£"5 
c  c 

^ t2 

D 

• • 
oo 
tu 
I— 
O 
Z 

■D -D 
(U (U 
X X _o _o 
a a. 

*.   E E 
O    LU   UJ 

-Q   O 

D-26 

iAiiiiU^Uuä£^^ mmäHü^ä&M 



«mnrM 

u 
OS 
a. 

<n 
O 
ON 
^— 
_l 
< 
LU 
&, 

oo fc ^ z ■< LU 

3 ^ 
-ri- o S 
Ä Q =) 

1 u o ? o 
— Ogf 
JO -J 
a -1 Q 
i— CQ 0 

Lu Q 

PE
R 

O
N

 
O

F
 

to 

5 
LU 

ID 
a 
a: 
O 

CO 

ON 

0) 
_ <u 

J 

in 
4- 0) 
O    0) 
a> x Q 

■o a 
^ E 

t/i 
a> 
>s 

E 

a> 
0) 

^ 15 

£ o 

c E 
— LU 

o      0) 

•- i- 

I 
a> 
a 

8 lO     K     N.     •— 
CO CN 18  ~ ON       hs 

CO 

8 CO      CM     "«t 
<N ^ k ON      O 

o 
O •4 ON       lO NO NO      00     "<t 

— CN 

8 3 NO — 
CM ^ 

o   o 

8 O     CN 
CN 

^J-     N* o 
CO 

ON      K 

SCO      O      hs      lO 
Nt      ■— CN 

1^ 
IT) 

ON O        ON 
<—     CN 

4) 

1 
C o 
u 

II 
E     § 

LU      Z 

0£ 

a 
o 

(U 

u. 

(U 

0) 

E I 
o 

c 
o 

u 

I 

c 
]E 
IE 
u 
o 

-9      J2 

I   O 

3 

3 

; 8 

s ... "> 
.h   (U 

°1 
0) LU 
0) 
£"5 
§   0 
o •"" 

o 
-a 
_y 
o 

a. 
E 
o 
u 

0) CN cs 
s   I 

b. 
1= -s ü i 
>>-E 

"5^ 
3 T 
^Q 

'to _Q 
3 a 
o t- 

_c v a> 
|J{ 

•»   • 
>s y 
1-    4- 
O   0) 
4- 

f 8. 
a. o) 
2.E 
«    Q. 
s   E 

(u a 
o ts 

s •_ s 
*: -O   D) 
.E   c   a> 
g B o 
E «  u 

fl)   0)   o 
-o TJ _Q 
3 3 J3 

"ü   ü 

IL2^ 

*. 
o 
E 

3 a. 
c 

C 

a. 
m 

3 
■a 
c 

O) 
c 

a. • a. 

•2 « 
•— o 
« — 

■£■5 
c  c 

■D 13 a> a) 
*> >> o o 

—-= — ■Q.'Q- 

L5^ 

JQ    O 

CO 
tu 

O z 

D-27 



a: 
o 
CO 

< 

a; a. 
>s 

_o 
a 
E 

o 
e u 

1 a 
i .~ ». 12 

*E 1A Q) 
c ji _0 -Ü 
o 
o .2 

o u 

"8 Q 
L. • 

E 
C 

u 
a. 
i 

<x3 4- 

0 5 4- 
u 

c 
o 
Z a: 

C 

u 

I 
E 
0) 

<u 

^ a 

(U 
(U 
5N 

_0 
a 

0) 
ov 
D 

Si 

C Ö 
D s.O) 
C >s   C 
a) 4=  o 
C C    a) 

^ -c 
•- o 
0) — 

■£-5 

a   o ._ .- 

fl)    CD    o 
TJ  ^ _Q 

O    O 

0)    V 

_o _o 
OL a 
E  E 

UJ   LU 

-Q    U 

LLI 

o 
z 

D-28 

t»>igi^u..ufai^n^wii.iwrii^^<MMrtC^''>«^iWMaa^ ' aiiaiwrfl»hiatt<<H^ >-..- ^>^^iiMKaWi^ifflaja6toai^^ ä.vtr^aäF4i^ä<äi£ii^j^ 



mmwm 
■     ■■'-     -:    -.-.- -   . 

1 

</) 
1 

C 
—    •  o 

o • 
o 

CN • • 
CN CN 

NO • 
ON 

o « 
o 

• 
co 

• CN • 
CN 

o • 
o 

a 
0 

P" " 
^f o 

<o 
o 
c I»' o ^ o o ^f K CN ON o 0 &> • • • • • • • • • • 

-S ^ K tn o to NO 00 r— CN CN o 
IS) CN '— 1— CN o 
HI 0 
C£ 

0 
0 
LU 

3 ^ ^ o 7 • 
00 

CN • ON • 
o 

NO • 
ON 

• 00 • 
NO 

• 
CN 

• CN 

CN 

o • 
o -2 co w   *"    0,00 

^ CN o 
0 ' o 
—i 

0) 
■4-       </) 

<4-     *- L. 

cv E    OCN CM •o >* ■O o NO K O ON o 0) 
LU 
a 

0^ 

O    O.K 
i       •- ^ " CM 

■t' o 
• • 

CN 
Q 

• n • 
o 
o 

E 

o 
•1- u    S    i 

« to o — •- c 
■i:   o   o ,_ 
o .-   O-K r- o CO CO lO lO ,_ K ON o 

L. 
o 
a. 

■ 

NO 

< Q 
00 

• 
CN 

• 
o 

• 
ON CN 

CN 

• 
NO CO 

• 
CO 

a 

CN 
« 

>—> 
o 

CN 

Q 

_Q 

vo y 
13- to 
to h- 
w z 

<u 

■ä fr 
U    « 4- 

o 
1- 

11 1   ■*— 

*£|«o • CN CO NO • • CO • ON • ON • 00 • o • D 

2K g g^ 00 IT) I— CO "t CN o r— 1— o r— r— r— "t o 
E: U- m   E X 

LU 
-Q 

U.Z 
0 

•—           Q)           im.      lS-\ 
IN CN '«t NO •o CO ^ 00 o 

C 

.2 
4- 
o 
a. z 

0 O    (U    "U 
CO* 

• 
•o CN CO* 

• 
CO 

• • • 
CN 

• • 
o O ,—• '"" CN CO o o 

5 5      15 o 
co 
0^ 

• • 
p 

^- ■o K 
oo i? — ON 

Q o  £ ^ 
O    Q) CO 

CN • • o 
CN 

CN • 
CN 

• 
CO 

NO • 
o 

• 
CN 

e 
ON * o 

■ 
o c • 

LU 

Ü 5 E 
o 

r~ CN ^ o o 
»mm 
•4- o a. 

z 
Ll_ 

3 
a. 
o 

E 
o 
in 

LU 
U 

O 
IM 

o 
O) 
£ 
a 

U 
-Q 

-R 

i2 

o  o 
C    U  -D 

.9 'E 2! 
85 -c "o 
S   o  c 

1" 

S2 

2 
S2 
(U 

i 
in 
0) 

o 

"5 

U 

c 

E 

U 

4- 

o 
e- 
c 
o 

« t 

lu 

o 

0) 
> 

o 2 
a» 

-S 
o 

—1 

im 
<0 

i 
o 

"> 
t- 
0) 

to 

1 

a. 

o 
in 
•3 
in 
C 
0) u 

o 

c 
o 

"S 
in 
O 

-Q 

m 

O 

o 

D-29 

k ■g^a^^^.jniM^mvmMirtimMlMIII^ n in 



m^mmvmm 

Table D-27 

DIRECT AND INDIRECT MATERIAL REQUIREMENTS FOR 
ONE DOLLAR OF FINAL PROCUREMENTS OF DOD-RELATED INDUSTRIES: 

1966 

From     ^""^-^^    To 

SIC                  ^—^ 
Ordnance 

SIC 19 

Aircraft 
& Parts 
SIC 372 

ftadio,TV 
Equip. 

SIC 365-366 

Electronic 
Components 

SIC 367 

19 

372 

365-366 

367 

1.03 

0,29 

0.07 

0.04 

0.02 

1.19 

0.06 

0.03 

0.01 

0.02 

1.09 

0.22 

0.01 

0.01 

0.07 

1.11 

Subtotal 1.43 1.30 1.34 1.20 

Total  Input 2.19 2.13 2.55 2.25 

Percentage of Inputs 
Emanating from DOD- 
Related Industries Inputs 

65% 61 ^ 52% 53% 

Source;   Input-Output Transactions/  Bureau of Economic Analysis^  1966/ 

Department of Commerce, February 1972. 

NOTE:   The material requirements are expressed in dollars and represent 
the inputs required from all industries to produce a dollar of 
final goods in that particular industry.    (These figures include 
multiple county and intermediate transactions.) 
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Table  D-30 

TRENDS IN U.S. MERCHANDISE TRADE 
TOTAL AND "ENGINEERING" PRODUCTS(b)#  1960-1972 

(b) 

1. Total merchandise trade: 

Exports 
Imports 
Balance 

2. "Engineering"  fVoducts 

Exports 
Imports 
Balance 

2A. "Engineering" FVoducts 

Manufactured  Largely with 
Discrete  Processes^0) 

Exports 
Imports 
Balance 

2B,   "Engineering"  FVoducts 

Manufactured Largely with 
Continuous Processes 

Exports 
Imports 
Balance 

1960 

20,608 
15,073 
5,535 

7,719 
1,550 

1965 

27,530 
21,429 

6,169 

5,984 
750 

6,101 

11,152 
3,116 

1970 1971 

43,224 
39,952 
3,272 

19,421 
11,573 

8,036 7,848 

(a) 

5,234 

1,735 

800 
^35 

8,933 
1,674 
7,259 

2,219 

1,442 
777 

44,130 
45,563 
-1,433 

21,060 
14,316 

1972 

49,768 
55,555 

6,744 

14,653 
4,275 

10,378 

4,768 

7,298 
-2,530 

15,717 
4,712 

11,005 

5,343 

9,604 

-5,787 

23,114 
17,939 

Ave. Annual 
Growth Rate 
in 1960-72 

% Compounded 

7.6 
11.5 

5,175 

16,793 
6,260 

9.6 
22.7 

10,533 

6,321 

11,319 
4,261    -4,998 

9.0 
19.3 

11.4 

25.0 

(b) 

(c) 

Data on U.S. exports include  ,!non-commercial" shipments,  such as military grant/aid and 
shipments of agricultural commodities under Public  Law 480. 

Products of industries SIC 35  (non-elect, machinery),  SIC 36 (elect, machinery & equip.), 
SIC 37 (transportation equip.),   SIC 38 (instruments and controls),  and SIC 39 (ordnance). 

Tolal of engineering products less the sum of automobiles and equipment.    Household appli- — — ■ .—...»    • ■ WH        «Ml  ■*• UUW  I  Mil (Will« |    (WW Jd   IVIU Uk/I 

ances; radios,  TV,  and other telecommunications equipment; and phonographic and sound 
reproduction equipment. 

Source;   U.S.   Department of Commerce. (Continued) 
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Analytical  Note to Table D-30: 

Engineering products 2A is one of two and by far the most important commodity 
group (the other — chemicals, but much less important) ^iat has consistently 
yielded trade surpluses and maintained external value of the doüar.    The growth 
of imports of these products,  more than twice as rapid as that of exports,  implies 
that even here we are losing the advantage.    Programmable Automation would help 
to counter this trend. 
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APPENDIX E: 

HUGHES AIRCRAFT TOW MISSILE PRODUCTION 
SUPPLEMENTARY DATA 

E-l 
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APPENDIX F: 

WESTERN  GEAR CORPORATION 
SUPPLEMENTARY DATA 

1. OrganizaHon Chart,  Manufacturing Department 
FVecision   Products Division 

2. Gearbox,   Engineering   Parts  List 

3. Gearbox,  Main Housing 
Manufacturing Order  (MO) 

4. Gearbox,   Assembly  Inspection  Record 
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Issue parts per basic parts list, 

Issue component parts as req'd per B/P. 

Record Unit S/N 

Layout parts for visual inspection and conformation to 

detail drawings. 

Inspect for required finish and absence of nicks and 
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1 I Pack bearings and fill gear tooth spaces usi 

I ! 
I 

ng 

i MIL-G-3278     grease (Ref.   B/P  Note  #   1) 

u I Check backlash  using   1.625  radius measured  at  the  | 
i  i . i 

i input shaft shall be .012/.026 or at output shaft ! 

\ shall be .007/.014 measured backlash locking 

| respectively opposite shaft to housing. 

! j (Ref. B/f  Note # 4) 

^3  Torque AN 364-524 nut to 60-85 Lb/In. 

(Ref. B/P Note # 6) 

4 j Generously cover remaining gear surface with 

j i 
MIL-G-3278 grease.   (Ref. B/P Note # 1) 

Torque BL-N-05 lockout to 800/1000 Lb/In, 

(Ref. B/P Note # 6) 

Inspect gear tooth contact 
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APPENDIX G: 

DOUGLAS N/C FABRICATION FACILITY 
SUPPLEMENTARY DATA 

List of 420 Vocabulary Words in Use 
In Current Computer Programs 
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Action Code Release 

Action Group 

Action Group - Sackup 

Action  Group - Report 

Activity Flag 

Advance Assembly Outline 

Advance Material Order 

Aircraft Group 

aircraft Transport Association Code 

Airplane Zone 

Assembly  Drawing Flag 

Assembly Outline  Number 

Assembly Outline Pull  Sequence 

Assembly Start Date 

Assembly Start Date - 
Fabrication Outline 

Basic  ECP 

(Engineering Change Proposal) 

Basic Material Code 

Basic  Shop Order Quantity 

Bin  Location 

Bin  Location - Pull 

Bin  Number 

Block Stamp Assembly Description 

Boost Date 

Cancel  Date 

Cane I  Flag 

Catalog Seq rence  Number 

Change Letter - Release 

Change Letter - Tooling 

Change Letter Description 

Change Letter Requirements 

Change Letter Sequence Code 

Change Package  identifier 

Changes Pending Material Action 

Code - Document Type 

Code - Handling  Instruction 

Code - Release Variance 

Code - Single or Combined 

Code - Special  Schedule  Identity 

Code - Stop 

Commercial  Spares Release Date 

Commercial  Spares Release Quantity 

Commonality Code 

Commonality Code  Part Used on 
More Than One Model 

Complete Assembly Sequence File 
Letter Change 

Configuration Dash 

Configuration Date 

Configuration Flag 

Configuration  Note 

Configuration/Foreign  Usage Code 

Contract Item Specification  Number 

Contract Item Supplemental  FVjrpose 
Description 

Control Code 

Coordination Data - Assembly Outline 

Coordination Data - Fabrication Outline 

Correction  Narrative 

Correction Action Type 

Current Station Date 

Current Station  Number Condition 

Customer Designated AO Effectivity 
(Assembly Order) 
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Customer - Exception 

Customer Initial 

Customer Initial   WAS 

Customer Item 

Customer/Version Exception Code 

Data Routing Supplier 

Date - Auxiliary Release 

Date - Calendar 

Date - Completion 
Fabrication Outline 

Date - Current 

Date - Earliest Release 

Date - End 

Date - JCC Completion 
(Job Control Card) 

Date - MPR Completion 
(Manufacturing Part Requirement) 

Date - Production Release 

Date - Püll 

Date - Start- 

Date - Variable Release 

Date of   Inspection Buy-Off 

Date  ^irge 

Date Transaction On File 

Department - Source 

Design Cognizance 

Design Control  Document 

Design Control  Document 
Change  Notice 

Design  Group 

Detail  Part Note 

Detail  Specification 

DetatJ Type Specification 

Direct Engineering Estimates 

Discrepancy Specified on Rejection Form 

Disposition Code 

Disposition of Douglas  Item 

Disposition of Vendor Item 

Disposition Specified on Re|ection Form 

Drafting Material Code 

Drawing  Number 

Drawing  Number - Replacing 

Drawing  Number Replaced 

Drawing Replaced by 

Drawing Replaces 

Drawing Size 

Drawing Title 

Drawing Type 

Drawing Zone 

Due Out of Group 

Edition Number 

Effectivity - Matrix 

Effect!/ity Action Indicator 

Effectivity Factory Serial   No. 
Plus/Minus 

Effectivity Hundred 

Effectivity Indrcator 

Effsctivity Planning  Noxt Assembly 

Effectivity Statement - FSN 

fffectivity Statement - Ship 

Effectivity Type 

Employee Number 

Ending Fuselage 
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Engineering Change Proposal 

Engineering   Delete Code 

Engineering Length 

Engineering Material  Code 

Engineering  Next Assembly 

Engineering  Next Assembly 
Dash   Number 

Engineering  Note 
(Multiple Lines 40CH EA) 

Engineering Order Process Date 

Engineering Thickness 

Engineering  Width 

Engineering  Work Order 

Engineers   Note   Code 

Equipment  Category 

Expand Material  Code 

Fabrication Assembly Cede 

Fabrication   Order Special 
Purpose  Description 

Fabrication   Outline - Basic 

Fabrication   Outline - Split-] 

Fabrication   Outline -  Split-2 

Fabrication   Outline Serial   Number 

Fabrication  Schedule Code 

Factory Serial   Number 

Federal   Supplier Code 

Figure   Number 

First Change Letter 

First  Delete Change  Letter 

First Reinstating Letter Change 

Flight  Development Engineering Order 

F':ght  Development Release Order 

FO Serial   Number - End 
(Fabrication Order) 

FO Serial  Number - Start 
(Fabrication Order) 

Form Serial   Number 

Furnished by  Instruction 

Group - Planning Assembly 

Identifier for Item Requiring  First 
Article for FAA (P/N Flag) 

Indicator - Approved  Part  Number 

Indicator - Assembly Date Equipment 

Indicator -  Basic Shop Order 

Indicator -  Delete 

Indicator - Equipment Category 

Indicator - Excess Release 

Indicator - JCC Split (Job Control 
Card) 

Indicator - Out of Position 

Indicator - Pari- Common  Usage 

Indicator -  PuK 

Indicator ~ Schedule Code 

Indicator - Serial/No Serial 

Indicator - Set-Run 

Indicator Effectivity Segment 

Inspection Change Request 

Inspection Characteristics List 

Inspection Characteristics List Tooling 

Inspection Code 

Inspection  Item Quantity 

Interchangeable/Replaceabie/Spare Code 

Inventory Management Code 

Issue  Number 
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Item  Find Number 

Item  Number 

JCC - Action Required  (Job Control 
Card) 

Laboratory Tested 

Last Change Letter 

Last  E.O. Revision Date 
(Engineering Order) 

Last Incorporated Change Letter 

Last Memo  Number 

Line  Number - Dynamic 

Line  Number - Early Dynamic 

Line  Position 

Maintenance and Overhaul  Code 

Maintenance Percent 

Make From Part  Name 

Make From Stock Size 

Manufacturers Code 

Manufacturing Dollars for Rework 

Manufacturing Dollars for Scrap 

Manufacturing  Index 

Manufacturing  Index -  Earliest 

Manufacturing  Index -  Next 

Manufacturing Index Over-Ride 

Manufacturing  Length 

Manufacturing Width 

Master Part Record Change Authority 

Master Part Record Coordination Data 
(5 x 70) 

Master  Parts Record Customer 
Effectivity 

Master Tool Source 

Material  Category Code 

Material Code 

Material  Date 

Material  Description 

Material  Dollars for Rework 

Material  Dollars for Scrap 

Material  Ending   Fuselage  Number 

Material  Expansion Code 

Material  Involvement  Indicator 

Material  Qualifier 

Material  Sequence 

Material  Specification 

Material  Starting Fuselage  Number 

Material  Substitute 

Maximum-Length 

Maximum-Width 

Model Code 

Model Version 

Model Version - WAS 

Model Version Exception 

Modification Drawing Appl.  Code 

MPR Finish Area (Manufacturing Part 
Requirement) 

MPR First Ship Effectivity 

(Manufacturing Part Requirement) 

MPR - Note (2 x 70) 

(Manufacturing  Part Requirement) 

Multiple   Use 

Name - Planner 

Next Assembly Drawing  Number 

Numerical  Series 

Numerical  Series Sequence 
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Numerical  Series Table IdentificaHon 

O K to File Date 

Operator Numbe; 

Other Model 

Page 

Page - Effectivity Hundreds 

Page Effectivity 

Page Effectivity Code 

Page End 

Page Matrix 

Parent Model 

Part Code 

Part Code - Assembly Outline 

Part Earliest Manufachving  Index 

Part Material Category 

Part Number 

Part Number - Approved Parent 

Part Number Opposite Hand Dash 

Part Serial  Number 

Part Subassembly Code 

Part Type 

Part Type Error Release 

Parts List Flag 

Password 

Planning Authority - Auxiliary 
Shop Order 

Planning Authority - Excess/Shortage 

Planning Change Identifier 

Planning Change Request 

Planning Fabrication Group 

Planning Finish Specification 

Planning Function Code 

Planning Hold Flag 

Planning  Identifier Code 

Planning  Next Assembly Requirements 

Planning Release Date 

Plant Responsibility 

Position - Assembly Outline 

Position -  Next 

Price Code 

Product Support Group Code 

Production Data Sheets Instruction 

Production/Planning  Next Assembly 

Proprietary Code 

Protect the Product  Planning 
Supplement 

Provisioning Code 

Purchase Order Location 

Purchase Order Number 

Purchase Order Splits 

Qualifier Print Code 

Quality Assurance Record Manufacturing 

Quality Assurance Record Receiving 

Quality Assurance Record Source 

Quality Assurance Stamp  Number 

Quality Authorized Substitute 

Quality  Item Quantity 

Quality Stamp  Number 

Quantity - AO Required (Assembly 
Outline) 

Quantity - AO Required Per Airplane 
(Assembly Outline) 

Quantity - Auxiliary Shop Order 
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Quantify - Class Shop Order 

Quartity - Detail  Part  Per Airplane 

Quantity -  Excess/Shortage 

Quantity - Fabrication Outline 

Quantity - New Parts Added/Revised 

Quantity - Release 

Quantity - Required Per Airplane 

Quantity - Required Per Engineering 
Next Assembly 

Quantity - Ship Remainder 

Quantity as is Accepted 

Quantity Actual 

Quantity of Parts Accepted 

Quantity of Parts in Lot 

Quantity of Parts Per Production/ 
Planning Next Assembly 

Quantity of Parts Reflected 

Quantity Per N/A + OR 
(Next Assembly) (       ) 

Quantity Rework 

Quantity Scrap 

Reference Drawings - Assembly Outline 

Register  Number 

Reinstating Letter Change 

Reflecting Department (Location) 

Rejection Code 

Rejection Document Serial   Number 

Release - Increment of 

Release Cut-In 

Release Cut-Out 

Release Date 

Release Number 

Remarks Inventory Segments 

Removal Document Serial 

Removal  Item Ship Record 

Replace or Superseding  Number 

Replaced by Part  Number 

Replacement Purchase Order Code 

Replacement ftjrchase Order Number 

Replaces Part Number 

Requirement Per Next Assembly 

Requirement Per Part 

Responsibility/Change 

Responsible Agency 

Routing Department 

Routing Operation - Fabrication Outline 

Run-Time-Total 

Run-Time-Unit 

Schedule Code 

Schedule Date 

Schedule Table Code 

Section Column  Number 

Section Manufacturing Index 

Section  Number 

Self-Explanatory 

Send Number - Military/Commercial 
Spares 

SEO-ETC (Serial  Engineering Order) 
(Engineering Group Tag) 

Sequence Code 

Serial  Engineering Order Incorporation 
Date 

Setback - Assembly 
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Setback - End Date 

Setback - Part Code 

Setback - Release  Planning 

Setback - Total 

Setup Time - Unit 

Ship  Number - Scheduled 

Ship Release Status 

Ship Sets 

Ship Shortage  Number 

Shop Number (Fuselage) 

Shop Order - Auxiliary 

Shop Order -  Excess/Shortage 

Shop Order - Release 

Skjp Order Number 

Shortage Data 

Sign (Excess/Shortage) 

Source Code 

Source Department 

Source of Assignment 

Source of Master Tools 

Spare Part Classification 

Special  Schedule Code 

Specification Change  Notice 

Specification Change  Notice Approval 
Approval  Form 

Specification Change  Notice 
Quote Request 

Starting  Fuselage  Number 

Station  Number - Current 

Station  Number - Current Code 

Stati,   ,  Number - Prior 

Station Number - Prior to Prior 

Stock Size 

Stop-Order Date 

Sub Sub System 

Sub-Segment Effectivity  Indicator 

Subcontractor Code 

Subsystem  Section 

Supplier Address 

Supplier Data History 

Supplier Name 

Symptom Code (For Hardware) 

System Defect Symptom Code 

Technical  Letter Change 

Term Point -  Next 

Termination Point 

Test Results 

Time 

Time Between Schedule Shop Visits 

Time between Shop Overhaul 

Time Code 

Title-Assembly Outline 

Tool  Number - Basic 

Tool  Number - Dash 

Tooling - Arsembly 

Tooling - Fabrication 

Tools - Assembly Added/Reworked 

Tools - Fabrication Added/Reworked 

Total  Hours Run on Part 

Total  Set-Back 

Transaction Code 
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Transacflon  Date 

Turnover Summary Report 

Type of Procurement 

Type of Release 

Unit of Measure 

VIR Serial   Number (Vendor 
Information Request) 

Wire  Inspection Check List  Item  No, 

Work Breakdown Structure Identifier 

Work Description - Assembly Outline 

Work Description - Fabrication Outline 

Work Order Authorization  Number 

Work Release Order 

Aircraft System/Chapter  Number 
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